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PREFACE 
A major project in the Sustainable Built Assets core area is the Sustainable Sub-
divisions – Ventilation Project, which is the second stage of a planned series of 
research projects focusing on sustainable sub-divisions. 
The initial project, Sustainable Sub-divisions: Energy, focused on energy efficiency 
and examined the link between dwelling energy efficiency and sub-division layout.  In 
addition, the potential for on-site electricity generation, especially in medium- and 
high-density developments, was also examined.  That project recommended that an 
existing lot-rating methodology (from the NSW Sustainable Energy Development 
Authority – SEDA) be adapted for use in SEQ through the inclusion of ventilation 
data appropriate to subdivisions.  Acquiring that data is the object of this project. 
The Sustainable Sub-divisions: Ventilation Project produced a series of reports.  The 
first report (Report 2002-077-B-01) summarised the results from an industry 
workshop and interviews that were conducted to ascertain the current attitudes and 
methodologies used in contemporary sub-division design in South East Queensland. 
The second report (Report 2002-077-B-02) described how the project was delivered 
as outlined in the Project Agreement.  It includes the selection of the case study 
dwellings and monitoring equipment and data management process.  A report was 
also developed by Glenn Thomas from QUT that presents an overview of each of the 
case study site visits that were undertaken in 2007.  This report is provided as an 
Appendix to this final report.   
The third report (Report 2002-077-B-03) provided a review and analysis of the 
approaches recommended by leading experts, government bodies and developers 
throughout Australia that aim to increase the potential for passive cooling and heating 
at the subdivision stage. 
This final report (Report 2002-077-B-04) provides the main findings for the project by 
detailing the data analysis for winter 2006, spring 2006 and summer 2006/07. 
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EXECUTIVE SUMMARY 
This project, as part of a broader Sustainable Sub-divisions research agenda, 
addresses the role of natural ventilation in reducing the use of energy required to 
cool dwellings.  The specific objectives of this project were to: 
• Acquire the data identified in Sustainable Sub-divisions: Energy Project, and 
thereby: 
• Quantify, and verify or challenge the role natural ventilation has in cooling 
residences in sub tropical climates; through monitoring wind speed and 
direction in a range of sub-divisional settings throughout SEQ.  
• Establish the degree of degradation in natural ventilation imposed by 
increasingly densely constructed suburban environments.  
• Compare this data with BOM monitoring stations in SEQ. 
• Apply a ventilation factor to the existing SEDA lot-rating methodology. 
• If feasible, thereby develop a lot-rating methodology for use in SEQ. 
 
Major activities undertaken by the research team 
• An industry workshop discussed how knowledge of the role of ventilation was 
considered in the planning phase for urban development.  The findings 
highlighted that while ventilation is considered, competing pressures can make 
it a low priority.  These competing pressures are often the result of conflicting 
requirements – for example orientation for solar access may conflict with 
objectives for natural ventilation.  There are many factors that need to be 
considered when reviewing siting of residential properties and these trade-offs 
need to be addressed for each urban development project.  
• Data collection – 14 residential dwellings were studied within the SEQ region.  
All dwellings were owned and occupied by staff from the Project Partner 
organisations.  Site audits were undertaken to gather data on the layout of the 
dwelling and the block.  Off-the-shelf weather station monitoring equipment 
(WeatherLink) was used to collect wind speed and direction data as well as 
external temperature data at a height of approximately 2.5 metres.  Data was 
collected for spring (2006) and summer (06/07).  Indoor temperature data was 
also collected for two rooms in each house (typically at least the study or 
office) for the summer monitoring period.   
Results 
Wind speed – a comparison of the average site wind speeds with the average wind 
speeds from the Brisbane city BOM mast suggested that the site speeds were 
reduced by extremely large amounts – averaged over the 14 sites, the wind speed 
was reduced by a factor of about 15. Comparison of maximum wind speeds showed 
a considerably smaller reduction factor, of about 3.7, which is still higher than what 
would be expected on the basis of the height difference (cf 1.4) between the BOM 
mast and the height of the weather stations installed at the case study properties. 
Data sets from the BOM Brisbane airport site were also assessed and the reduction 
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factor was found to be 5.7 (using maximum wind speeds).  By way of comparison, 
the reduction factors used by the thermal modeling software AccuRate are 3.1 (urban 
terrain category) and 9.1 (suburban terrain category).    
There were also some unexpected inadequacies in the resolution of the data stored 
by the WeatherLink logging software and the size of the reduction in wind speed 
could not be reliably quantified. 
Wind direction - comparisons of wind directions were also made for the spring 2006 
and summer 2006-2007 periods. The summer results suggested that the 
predominant site wind directions matched those from the BOM Brisbane City site 
sufficiently well that even in a mature suburb there may be some benefit (on average) 
in orienting the building to take advantage of the prevailing summer winds. However 
the spring data showed much more variability in the predominant site wind directions, 
with little or no alignment with the BOM wind directions.  
Conclusions 
• Case study wind speed and direction reductions due to subdivisional factors 
were considerably greater than expected compared to BOM city wind speeds.  
This may have been due in part to inaccuracies of data logging, but could not 
explain all of the difference.   
• Case study site wind direction measurements showed reasonable correlation 
with city BOM data during the summer period.  However, the wind directions 
measured at the case study sites in spring showed much more variability with 
little or no correlation with the BOM wind directions 
• Although some temperature data was recorded in dwellings it was not 
considered particularly useful since occupants use of ventilation was not 
collected in sufficient detail 
Hence a lot assessment methodology was not considered useful since both wind 
speed and direction are altered by subdivisions to the point where it appears that 
neither can be relied upon without the intervention of expert designers.  Thus it was 
not possible to verify and quantify the role of ventilation in cooling dwellings.  In 
addition, and as a result of this finding, it was not possible for the Project Team to 
recommend enhancements or modifications to the SEDA lot rating methodology.   
Future work 
Given the growth in residential air conditioning energy demand in south-east 
Queensland, its effect on peak electricity demand and its contribution to Australia’s 
CO2 emissions, it is important that every encouragement be given to reducing this 
demand through good building and subdivision design, including maximising the use 
of natural ventilation.  Future research will look to: 
• Utilise the datasets where appropriate to inform thermal modelling tools such 
as AccuRate 
• Develop a longitudinal study to track the changes in wind characteristics for a 
subdivision over the full development lifecycle 
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1. INTRODUCTION 
The first report (Report 2002-077-B-01) summarised the results from an industry 
workshop and interviews that were conducted to ascertain the current attitudes and 
methodologies used in contemporary sub-division design in South East Queensland.  
The second report (Report 2002-077-B-02) described how the project is being 
delivered as outlined in the Project Agreement.  It includes the selection of the case 
study dwellings and monitoring equipment and data management process.   A further 
document was prepared following site visits that were conducted by QUT 
researchers.  Each study site was assessed in terms of orientation, gradient and 
ventilation potential among other factors.  This document is included in Appendix E of 
this current report.   
The third report (Report 2002-077-B-03) provided a review and analysis of the 
approaches recommended by leading experts, government bodies and developers 
throughout Australia that aim to increase the potential for passive cooling and heating 
at the subdivision stage.   
This final report (Report 2002-077-B-04) provides the main findings for the project by 
detailing the data analysis for winter 2006, spring 2006 and summer 2006/07.  
1.1 Key Assumption 
The key assumption behind this research is that there is an expanding market for 
information on energy-efficient sub-divisional practices.  As energy efficiency 
regulations increase, this need will grow and create significant demand for 
information on available assessment tools for creating sustainable sub-divisional 
layouts (orientation, solar access and the like) and rating energy-efficient designs, 
and for products that deliver energy efficiency.   
1.2 Objectives 
The objectives of the study are to: 
• Acquire the data identified in Sustainable Sub-divisions: Energy Project and 
thereby: 
• Quantify, and verify or challenge, the role natural ventilation has in cooling 
residences in sub-tropical climates, through monitoring wind speed and 
direction in a range of sub-divisional settings throughout SEQ.  
• Establish the degree of degradation in natural ventilation potential imposed by 
increasingly densely constructed suburban environments. 
• Compare the data with data from BOM monitoring stations in SEQ. 
• Examine whether it is feasible to derive a ventilation factor that can be applied 
to the existing SEDA lot-rating methodology.  
• If feasible, thereby develop a lot-rating methodology for use in SEQ. 
The project may also make a recommendation that the existing SEDA lot-rating 
methodology be modified to allow for the impact of ventilation, as all areas have the 
potential for passive cooling in the warmer months.  The project may also inform the 
ongoing development of software for simulating and rating the thermal performance 
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of residential building envelopes.  
1.3 Risk Management 
The use of privately-owned dwellings and volunteers to transmit the data over a 
twelve-month period required careful consideration.  The equipment was selected for 
ease of use and attractiveness for engaging householder interest over this extended 
period.  Regular contact throughout the project ensured that any potential problems 
were resolved.   
There were a number of risks identified in the Project Agreement and these have 
been managed as follows:  
• Loss of case study lots – project participants could withdraw from the project 
at any time. Restricting the pool of potential volunteers to those associated 
with the research ensured that they had an understanding of the commitment 
required.  
• Nevertheless two project participants withdrew from the project in late 
December 2006 and early January 2007, following the sale of their homes.  
There was very little notice (in one case, less than a week).  The timing made 
negotiations with new homeowners (and training etc) impractical.  The delay 
imposed also meant that either equipment, or data, might have been lost to 
the project.  Thus backup properties were selected and the equipment 
relocated during the Christmas period. 
• Data loss – participants forwarded the data electronically on a weekly or 
fortnightly basis and this process was prompted by a reminder email.  On 
receipt, the data was checked for completeness, but data could be lost if the 
participant failed to upload for three weeks.  There was some data loss early in 
the project as the participants settled into a routine, and also some loss due to 
holidays, but no significant data was lost over the summer monitoring period.   
• Equipment failure – one internal console malfunctioned, recording erratic 
internal temperatures, and data from that console was discarded.   
• Loss of equipment through theft or damage – there was none.    
• Hailstorms or destructive winds were the greatest ongoing risk to the 
equipment.  Funds were held to replace one or two systems, but this was not 
necessary as there were few significant weather events during the monitoring 
period.   
1.4 Decommissioning the system 
The Letter of Involvement clearly stated that Participants acknowledge that the 
equipment would be removed at the conclusion of the monitoring period.  Installation 
was designed with decommissioning in mind to avoid the expense of repairing the 
dwellings.  This simple procedure involved removing the pole and the weather station 
and disconnection and removal of the internal console. The Project Team 
recommended that the systems be left in-situ at the conclusion of the project in 
consideration of the time and effort invested by the Project Participants throughout 
the project.  However as the equipment belongs to CSIRO, ownership at the 
conclusion of the monitoring period was at the discretion of CSIRO and it elected to 
retrieve the equipment for re-use in another project.   
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1.5 Project Communication  
In addition to a number of individual and task oriented meetings, formal meetings in 
the period to 30th June 2007 included: 
• Meeting 6, 24th July 2006 
• Meeting 7 (1st CRC CI six monthly review), 4th September 
• Meeting 8, 9th October 
• Meeting 9, 20th November  
• Meeting 10, 18th December 
• Meeting 11, 5th February 2007 – notes provided in lieu as this coincided with 
site analysis period  
• Meeting 12, 5th March 2007 
• Meeting 13 (2nd CRC CI six monthly project review), 4th April 2007 
1.6 Project Partners 
The partners involved in this research project were: 
• CSIRO Sustainable Ecosystems 
• Queensland University of Technology including the Centre for Subtropical 
Design 
• Queensland Department of Public Works 
• Lend Lease Communities 
• Brisbane City Council 
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2. AIR MOVEMENT FOR PASSIVE COOLING   
2.1 Why is air movement resulting from natural ventilation 
desirable? 
As half of the world’s population lives in urban environments (UNFPA, 2007), 
effective ventilation is required for the comfort of increasing populations in urban 
environments.  Urban environments tend to be warmer than rural surroundings by as 
much as 2-6°C as a result of heat stored in roads and buildings, and heat released 
from industry and other energy consumption (sometimes called an urban heat island 
(Voogt, 2004)).  Natural ventilation is the most effective way to counteract the effects 
of localized urban heat islands as well as having the benefit of avoiding CO2 
emissions arising from the use of fans, air conditioners or other artificial cooling 
techniques which may depend on the use of fossil fuels. 
2.2 What is natural ventilation? 
‘Natural ventilation,’ refers to the exchange of warm air for cool air using natural 
driving forces, namely wind pressure and the stack effect (the indoor-outdoor 
pressure difference caused by a temperature difference). The wind effect is usually 
much greater than the stack effect 
2.3 How natural ventilation cools 
Natural ventilation cools a building and its occupants in two ways. The first involves 
flushing heat out by replacing warm indoor air with cooler outdoor air. The second 
involves evaporation of moisture from the occupants’ skin. The energy required to do 
this comes from the occupants and thus evaporation produces a cooling effect. The 
rate of evaporation increases with increasing air speed and/or lower relative humidity 
of the air, the greater the evaporation rate.  At 50% relative humidity, a 3°C drop can 
be achieved when the air speed is 0.5 m/s (Reardon and Clarke, 2005b).  Increased 
air movement is required to achieve a given cooling effect if the relative humidity 
increases. Cooling by evaporation is most effective when the relative humidity is 
below 70% (Reardon and Clarke, 2005b). 
2.4 Natural ventilation for Brisbane’s climate 
The Bureau of Meteorology defines the climate in and around Brisbane as a warm-
humid climate (Figure 2-1, (Bureau of Meteorology, 2007a)). 
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Figure 2-1 Australia’s main climate zones 
This means that the summers are warm, humid and generally rainy while winters are 
warm, dry and sunny.  The large amount of water vapour in the air impedes the 
body’s ability to cool via evaporating perspiration in the absence of assisting air 
movement, which means that people are more dependent upon air movement to 
keep them cool in a warm-humid climate compared with any other type of climate. 
2.5 Designing for natural ventilation 
2.5.1 Natural ventilation on an urban scale 
Streets and buildings can be oriented to maximize natural ventilation around 
buildings from prevailing winds.  Buildings that are parallel to the prevailing wind 
direction and in a linear arrangement reduce natural ventilation (Figure 2-2, 
(Furuhashi et al.  2001)) and are not recommended for a warm-humid climate. 
 
Figure 2-2 Minimised natural ventilation 
Buildings that are at an angle to the prevailing wind direction in linear arrangement 
allow improved natural ventilation (Figure 2-3, (Furuhashi et al.  2001)). 
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Figure 2-3 Improved natural ventilation 
Buildings that are in a staggered arrangement maximize natural ventilation 
regardless of wind direction (Figure 2-4, (Furuhashi et al.  2001)). 
 
Figure 2-4 Maximised natural ventilation  
For a temperate climate in which the summer is too hot and winter is too cold, the 
Bureau of Meteorology have suggested a street layout which is illustrated Figure 1-5 
((Bureau of Meteorology, 2007b)) for Coolangatta (28°10'S 153°30'E – just south of 
Brisbane). 
 
Figure 2-5 Suggested street layout for Coolangatta  
This type of design allows winter winds to be blocked and summer winds to cool.  
Natural ventilation can be improved by maximising space between buildings.  A good 
basis on which to space buildings is to ensure that the distance between them is a 
minimum of five times the height of the upwind building (Figure 2-6, (Furuhashi et al.  
2001)). 
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Compromised natural ventilation 
 
Improved natural ventilation 
Figure 2-6 Spacing buildings to maximise natural ventilation  
Another way to improve natural ventilation around buildings is to use vegetation and 
fences to filter required breezes.  Natural ventilation can be enhanced provided that 
there is sufficient spacing between vegetation and fences and buildings (similar to 
Figure 2-6).  If vegetation is closer to a building or runs along nature strips, the 
branches should not impede air movement, which may require some pruning.  
Vegetation close to a building can provide the added benefit of shade (Bureau of 
Meteorology, 2007c).  Smaller vegetation that is close to a building does not have a 
major impact upon natural ventilation provided that it is below window height. 
2.6 Natural ventilation for individual buildings 
2.6.1 Windows 
In order to maximize natural ventilation inside a building, windows should be: 
• oriented to enable maximum exposure to breezes; 
• designed so that cross ventilation through the building can effectively occur; 
• located on diagonally opposite walls; 
• arranged so that outlets are larger than inlets; 
• located at body height if designed to cool people; 
• located at high and low levels if designed to cool the building by providing air 
movement near the ceiling and roof space. 
2.6.2 Building design 
In warm-humid climates elevated buildings can increase the effectiveness of natural 
ventilation.  In addition to using windows as described above (and possibly doors), 
the building should be equipped with fans (discussed below). 
2.6.3 Landscape design 
Landscape design can keep homes cooler by providing shading (either built or from 
vegetation), or by filtering or directing breezes using the topographic and built 
features of the site (Robinette and McClennon, 1983; Brown and Gillespie, 1995).  
Water features near windows or doors can cool incoming air via evaporative cooling 
and can also create convective air flow. 
2.6.4 Fans 
Although this report focuses upon natural ventilation, in the absence of breezes fans 
can be very effective and a relatively energy-efficient means of providing ventilation.  
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The maximum useful air speed for cooling people is 1.5 m/s; higher speeds have 
been shown to be disturbing and to not add to the cooling effect (Reardon and 
Clarke, 2005b; Aynsley, 2007). 
2.7 Other similar studies 
Most wind speed measurements are undertaken by meteorological organisations; in 
Australia the Bureau of Meteorology (BOM) is the official organisation which makes 
such measurements.  The BOM aims to site weather stations so that the site 
represents ‘the mean conditions over the area of interest’ (generally a relatively large 
area) (Canterford, 1997).  The Bureau’s method of siting an anemometer is not suited 
to measuring non-representative or localised winds that are impeded by urban 
structures because a mean representation cannot be extrapolated to other nearby 
areas.  Local wind data, not standard meteorological data alone, need to be 
considered in the design and placement of buildings in order to improve natural 
ventilation (Santamouris et al.  2000), although limited success has been reported by 
extrapolating meteorological data to a local site and incorporating local ground terrain 
and topography (Aynsley and Su, 2002). 
2.8 The urban boundary layer 
Figure 2-7 refers to meteorological terms that are sometimes used to aid the 
understanding of air flows between environments of differing building densities.  
Other researchers also describe the characteristics of the urban boundary layer (see 
Ricciardelli & Polimeno, 2006) – the study of which is referred to as micro-
meteorology.  Meteorologists refer to the lowest part of Earth’s atmosphere (100 – 
3000 m from the surface upwards) as the boundary layer because the air movement 
within this region is affected by forces such as friction, moisture, heat transfer, 
momentum transfer, pollutant emission and terrain-induced flow modification. 
 
Figure 2-7 The urban boundary layer (Oke, 1987) 
Research to understand the influence of modifications to the boundary layer caused 
by urban form and topography is required to enable prediction of local wind 
conditions – to inform urban design as well as more specialised applications such as 
wind turbines (Lun et al, 2007).   
The boundary layer can be further divided into urban (including suburban) and rural 
boundary layers, in which air movement is affected by surfaces that occur within 
different building or vegetation densities.  The urban canopy layer is defined as the 
air between the ground surface and rooftops or treetops level.  The urban canopy 
layer includes ‘urban canyons.’ 
2.8.1 Urban canyon definition 
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Urban canyons can be defined more exactly by considering the dimensions and 
placement of buildings, as illustrated in Figure 2-8 (Santamouris et al.  2000). 
 
Figure 2-8 Height, width and length of an urban canyon. 
Ratios such as H/W (canyon geometry) and L/H (building geometry) are useful 
descriptors of how well air can flow amongst buildings (Santamouris et al.  2000).  An 
urban canyon can be characterised as ‘deep’ when W/H is less than or equal to 0.35 
(generally, these are high rise buildings) (Assimakopoulos et al.  2006). 
2.8.2 Air flow in urban canyons 
Furthering the discussion from Figure 2-6, the following diagrams (Figure 2-9) 
summarise the three main types of air flow around buildings as a function of the 
distance between them: 
 
Isolated roughness flow 
 
 
Wake interference flow Skimming flow 
Figure 2-9 The different types of air flow around buildings (Santamouris et al.  2000). 
Different descriptions have been used by other researchers to describe wind flow 
around micro-topographic features more generally – for example convergent, 
separated and reverse flow (Kondo et al, 2002).   
Figure 2-10 shows the conditions under which the different air flow types prevail with 
respect to differing height-to-width versus length-to-height scenarios within an urban 
canyon. 
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Figure 2-10 The change of air flow type over buildings with different dimensions (Santamouris 
et al.  2000). 
2.8.3 Models of air flow in urban canyons 
There are many different models that have been used to predict the potential for 
natural ventilation around and within the urban boundary layer.  The tools that are 
generally used for this type of modelling are: wind tunnel tests (see Takahashi et al, 
2002 for example), computational fluid dynamics, and parametric models (van 
Moeseke et al.  2005).  A good example of a freely available 3D microclimate model 
that simulates air movement in the urban boundary layer is ENVI-met® (http://www.envi-
met.com/).  Erell & Williamson (2006) describe a range of other simulation tools and 
methodologies used to model urban climate.   
In addition to these types of models, a method of assessment was developed as part 
of the European URBVENT project (Germano et al.  2005).  It provides estimates of 
natural ventilation potential in buildings in an urban environment by considering the 
natural ventilation present and comparing it to other similar sites. 
The experimental measurements that were made for this project can be time-
consuming and expensive but provide the most accurate data. 
2.8.4 Other experimental measurements of air flow in urban canyons 
In general, measurements of air flow within an urban canyon have been made 
because they had implications for natural ventilation potential as well as for further 
understanding of 
• urban temperatures and the impact on human comfort outdoors 
(Stathopoulos, 2006); 
• air pollution dispersion; 
• energy conservation; and 
• meteorological factors. 
Early measurements of air flows suggested that vehicular traffic at street level has a 
significant effect upon increasing air turbulence up to heights of approximately 7 m 
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(DePaul and Sheih, 1986).  It has been found that the urban canopy layer’s climate is 
controlled more by the micrometeorological effects resulting from canyon geometry 
than by larger-scale forces that control the climate of the urban boundary layer 
(Hunder et al.  1990). 
A number of studies have reported a reduction of air flow within urban canyons 
compared to the air outside. For example, for urban canyons with a H/W 
approximately equal to one that experience wind speeds of up to 5 m/s, the wind 
speed within the canyon is approximately two thirds of that which is above the 
canyon (Nakamura and Oke, 1988).  Within an urban canyon, single-sided and cross 
ventilation is reduced by 82% and 68% respectively, although higher wind speeds 
have been measured in the middle of the canyon than close to its façades 
(Georgakis and Santamouris, 2006). 
Measurements that were made over three years at almost thirty urban and suburban 
sites as well as in ten urban canyons in Athens have shown that air flow at night is 
generally less than during the day and that wind speed inside and outside the urban 
canyon are similar at night (Santamouris et al.  2001).  Gravitational forces dominate 
air flow processes when the air speed is less than 3 – 4 m/s.  During the day, the 
wind speed outside the canyon is generally greater than 4 m/s and it has been found 
that within the urban canyon, single-sided ventilation is reduced up to five times and 
cross ventilation can be reduced by as much as ten times compared with ventilation 
using the ambient wind speed (Figure 2-11, (Santamouris et al.  2001)). 
 
Figure 2-11 Wind speed inside (grey graph) and above (black graph) an urbanised area 
A study of natural ventilation design for houses in Thailand found that for small plots 
of land (240 – 250 m2), square houses allow for better natural ventilation than 
rectangular houses (according to the way in which the air flows around houses, 
shown in Figure 2-4 (Tantasavasdi et al.  2001)).  In addition, natural ventilation 
should enable a recommended indoor air speed of 0.4 m/s and this speed can be 
ensured provided that the aperture area of the house is approximately 40% of the 
total floor area. Otherwise fans need to be used (Tantasavasdi et al.  2001). 
Of the studies available, most measurements of air flow in the urban boundary layer 
have been made in more urbanised environments and for a lesser length of time than 
the measurements made for this study.  In general, the experiments referred to 
above have established that houses in a suburban or rural environment have a 
greater potential to use natural ventilation for cooling than houses in a more 
urbanised environment, because the surrounding environment enables more air to 
flow through.  In comparison with an urban environment, a suburban or rural 
environment ensures that there are fewer problems associated with natural 
ventilation, such as air and noise pollution and the urban heat island effect. 
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3. DATA ANALYSIS: METHODOLOGY 
3.1 Introduction  
Wind speed and direction collected at the case study lots were compared with BOM 
data from its Brisbane site and the differences were analysed to determine the impact 
that increasingly densely-constructed and vegetated lots have on the local wind. 
The images provided in this report emphasize the range of lot characteristics, such 
as size, slope and orientation, that exist:  
• Small lots (1 SEDA star) with good ventilation (case studies 1 and 2) 
• Standard lots (5 SEDA stars) with poor ventilation (case study 5) 
• Standard lots (5 SEDA stars) with good ventilation (case studies 6,7, 9 and 10)  
• Large lots (5 SEDA stars) with poor ventilation (case studies 4, 8 and 11) 
• Sloping lots (1 SEDA stars) with poor ventilation (case study 8) and  
• Sloping lots (1 SEDA stars) with good ventilation (case studies 3 and 12). 
This chapter describes the data analysis that was undertaken. The full sets of results 
from the analyses are presented in Appendixes A-C (wind) and E-G (temperatures). 
The results and conclusion are given in section 4. 
The wind data collected for this project were analysed to examine three questions: 
1. How does the site wind data differ with respect to speed and direction from 
BOM data collected over the same period? 
2. Can the differences be correlated with or explained by macro and micro 
effects? 
3. If it is not possible to answer 2, is there any other useful information that can 
be derived from the comparisons? 
Extensive temperature measurements were also made (details are given in section 
3.3). These are of interest in their own right because of the wide variety of 
construction types. 
3.2 Wind speed and direction  
3.2.1 Introduction 
In order to capture all air movement across the site, wind data would ideally have 
been recorded at several points on each site: for example, on the apex of the roof 
and on each of the sides of the dwelling.  Unfortunately the costs of the ‘off-the-shelf’ 
systems considered for this project permitted only one wind vane per site. Increasing 
the number of wind vanes per site would have needed significantly more resources 
for equipment purchase and analysis time than were available.  
The siting decisions for each of the case study lots are described in the previous 
report (2002-077-B-02). In general each vane was sited to capture air movement 
either on the north-east side of the property, or adjacent to the living areas.  In SEQ, 
summer and winter winds come from opposite directions and consequently 
optimising data collection for summer means that in most instances the wind vane 
  
2. Final Report - Ventilation Data Analysis.doc 
 24 
was located on the opposite side of the dwelling from the prevailing winter winds.  
This necessarily means that the dwelling, other structures, or vegetation will 
significantly block breezes, but in the same manner that these barriers may 
significantly block breezes from the case study dwelling at crucial times during the 
year. 
The weather stations are able to record wind speeds to one decimal place, but for 
storage purposes the embedded software rounded the recorded values to the 
nearest mile per hour, before being converted to km/hr (1 mile = 1.6 km). Thus the 
stored wind speeds are binned in fairly coarse intervals of 1.6 km/hr. This rounding 
and binning was completely unexpected and not obvious from the documentation. 
Every attempt was made to avoid it, including direct contact with the manufacturer, 
but none was successful. As a consequence much of the fine detail of the wind 
speed data was lost: for example any 15-minute averages that were less than 0.8 
km/hr were stored as zero. This was a rather disappointing outcome. 
3.2.2 Wind speed and direction presented as wind roses 
Figure 3-1 shows two wind roses for Brisbane, one for 9 AM (left) and the other for 3 
PM (right) (Szokolay, 1988).  These roses have eight sides, corresponding to four 
cardinal and four semi-cardinal wind directions.  Each side has twelve lines, 
corresponding to the twelve months of the year in a clockwise direction.  The outer 
octagon defines the scale: 12.5%, i.e., if the wind were evenly distributed, coming 
from all eight directions with the same frequency, all lines would be this length.  The 
twelve numbers inside the octagon indicate the percentages of calm for the twelve 
months in sequence  A small dash on the inside of the inner octagon indicates that 
there is no wind from that direction in that month.  
Wind roses such as these are available for all capital cities.  They are based on BOM 
data that is normally collected from large, open sites such as airports, or on the top of 
buildings, as the aim is to measure unobstructed air movement.  This data was 
readily available from the BOM, as shown in Table 3-1.  Data for this reporting 
convention is based on averaged data over the 10 minutes preceding 9 AM and 3 
PM. 
For Brisbane, breezes are most needed during summer afternoons.  The 3 PM wind 
rose shows that these breezes are strongest and most frequent from the north-east, 
and to a lesser degree from the east and south-east. 
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Image reproduced with permission Szokolay, 2006 
Figure 3-1 Brisbane wind roses for 9 AM and 3 PM 
If one could be confident that the wind patterns shown in Figure 3-1 applied to 
individual lots located anywhere in greater Brisbane, such information could be taken 
into account when designing sub-divisions and dwellings, and lots that exploit these 
patterns should be rewarded in a rating methodology. If, however, the wind patterns 
at the lot site differ significantly from those at the BOM site, then a lot rating 
methodology that takes ventilation into account must somehow be able to predict the 
change in wind patterns as a function of macro effects, such as the intervening 
topography, and micro effects, such as trees and other features on the lot or close to 
it.  This is obviously a very difficult problem. 
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Table 3-1 Brisbane Daily Weather Observations, January 2007 (BOM 2007a) 
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The weather station software displays the monitored wind speed and direction as 
either text or graphs.  However neither display mode readily shows the wind direction 
and strength with the clarity of a wind rose.  Thus for this project the data were 
exported to the statistical computing and graphics package R1 in order to create wind 
roses. These allowed quick visual comparisons between the BOM data and the case 
study sites. As noted above, possible reasons for differences between BOM and site 
wind roses include:  
• Macro-effects: e.g. hills and major structures on the windward or leeward 
sides. 
• Micro-effects: i.e. the impact of trees and other features on the lot or close to 
it, such as the funneling (or venturi) effects of pergolas, breezeways and the 
like. 
Examples of the resulting wind roses for the BOM site and for case study 5 are 
shown in Figure 3-2 and Figure 3-3 respectively. Both show the wind direction as 
being predominantly north-easterly, which happens to agree with the Brisbane wind 
rose shown in Figure 3-1. 
 
                                                                  
1 R (http://www.r-project.org/). R is available as Free Software under the terms of the Free Software Foundation's GNU General Public License in 
source code form.  
km/hr 
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Figure 3-2 BOM wind rose derived from BoM data for 3:00PM January 2007 
 
 
Figure 3-3 Case study 5 wind rose derived from weather station data for 3:00 PM January 2007 
These wind roses require careful interpretation. The colours indicate the wind speed 
according to the legend. For each of the 16 directions, the outermost boundary of the 
coloured region gives the percentage occurrences of wind recorded in that direction, 
for all speeds, and the length of a particular coloured segment along one of the 16 
directions gives the percentage occurrences of that wind speed in that direction.   
In these examples, the dominant colour for the BOM rose is purple, corresponding to 
17 km/hr.  This compares with case study 5, where the dominant colour is pale 
green, corresponding to 0 km/hr. As discussed above, a value of zero for a given 
wind direction does not necessarily mean that the wind speed was zero throughout 
the 15-minute averaging periods - it simply means that the average value over the 15 
minutes was less than 0.8 km/hr. Similarly, a value of 1.6 means that the average 
was between 0.8 and 2.4 km/hr. Notwithstanding the coarseness of the binning, it is 
clear from this example that the wind speeds at the case study 5 site were much 
lower than at the BOM site. 
Although wind roses such as shown in Figure 3-1 are available for all capital cities, 
they are only for 9 AM and 3 PM, and the examples above compare the 3 PM data 
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for this reason. Such information is useful because it is time-specific, but by the same 
token it ignores the other 22 hours of the day.  In fact BOM wind data are now 
available on a half-hourly basis (with each value being the average of the preceding 
10 minutes), and the site data were collected every 15 minutes (with each value 
being the average of the previous 15 minutes).  Thus it is possible to not only create 
9 AM and 3 PM wind roses, but also to create 24-hour window roses, or indeed wind 
roses for any specific time or period desired. Owing to time limitations, wind roses 
were only created for 9 AM and 3 PM, and for the full 24-hour day (using half-hourly 
data).  In future it may be useful to re-use the data collected to create wind roses for 
periods that correspond more specifically to the greatest need for natural ventilation 
(for which the 3 PM rose is an approximation). 
3.2.3 Wind speed and direction presented as tables  
The wind speed and direction are also expressed in tabular form, as shown in Table 
3-2 for the BOM data and Table 3-3 for the case study 5 data.  Frequencies of over 
10% are shaded to indicate significant directions.    
Table 3-2 Summary of 3 PM BOM wind speed and direction for January 2007 
km/hr N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
9 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.03 
11 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0.03 
13 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0.16 
15 0 4 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0.23 
17 0 0 5 4 0 0 0 0 0 0 0 0 0 0 0 0 0.29 
19 0 1 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0.16 
20 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0.1 
Freq 0 0.23 0.23 0.32 0.16 0.06 0 0 0 0 0 0 0 0 0 0  
 
Table 3-3 Case study 5 – summary wind speed and direction for January 2007 
km/h
r N 
NN
E NE 
EN
E E 
ES
E SE 
SS
E S 
SS
W 
S
W 
WS
W W 
WN
W 
N
W 
NN
W 
Fre
q 
0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0.06 
1.6 4 7 1 0 0 0 2 1 0 0 0 0 0 0 0 0 0.48 
3.2 3 5 1 0 0 0 3 1 0 0 0 0 0 0 0 0 0.42 
4.8 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0.03 
Freq 
0.2
3 0.39 
0.0
6 0 0 0.03 
0.1
9 0.06 0 0.03 0 0 0 0 0 0  
To convert the BOM wind speeds to everyday language, Table 3-4 uses terms taken 
from the Beaufort scale (BOM 2007b) that are used in weather bulletins.  For further 
detail see the Appendix. 
Table 3-4 BOM wind speed descriptors 
km/hr Descriptor  
0 - 19 Calm or light winds  
20 -29 Moderate winds 
30 - 39 Fresh winds  
40 - 50 Strong winds  
Another way to convert the wind speeds to everyday language is to first convert them 
to m/s and then compare them with the subjective perception scale developed by 
(Szokolay 1987) and referenced earlier in this project (O'Hare, Kennedy et al. 2006), 
as shown in Table 3-5. 
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Table 3-5 Subjective reactions to air movement adapted from (Szokolay 1987) 
km/hr range m/s range Subjective perception 
0.0 – 0.9 0.00 – 0.25 unnoticed 
0.9 – 1.8 0.25 – 0.50 pleasant 
1.8 – 3.6 0.50 – 1.00 awareness of air movement 
3.6 – 5.4 1.00 – 1.50 draughty 
5.4 – 1.50 –   annoyingly draughty 
The full set of wind roses and data tables for winter and spring 2006 and summer 
2006/2007 are given in Appendixes A-C.  
3.3 Temperature monitoring 
Monitoring indoor temperatures was not part of the original scope of work.  It arose 
partly as a consequence of the ease with which the weather stations also recorded 
temperatures. Additionally, when the winter data were analysed the general reduction 
in site wind speeds compared to the BOM data, and the generally comfortable indoor 
temperatures, increased interest in the likely range of summer indoor temperatures.  
Concerns were raised that even if summer air speeds were found to be higher than 
winter, they could well be lower than expected, which placed more emphasis on the 
internal temperatures than originally anticipated. 
For measuring indoor temperatures the optimum siting for the WeatherLink consoles 
would have been in the living area immediately adjacent to the outdoor area being 
monitored. Living areas are generally conditioned more regularly than other spaces, 
and in thermal modeling software are assumed to be conditioned when the 
temperature exceeds certain limits. However, during installation the participants 
elected to place the consoles adjacent to their PCs, which in all twelve dwellings 
were located in a SOHO (small office, home office), located in either a spare 
bedroom, or in a dedicated room or space adjacent to the dwelling entry. Typically 
these spaces were little used and unconditioned. Whilst this placement was not ideal, 
it was at least consistent across the twelve dwellings. A key deciding factor in 
accepting this placement was that the more difficult the data upload and transfer 
process, the less likely participants would be to remember to complete the task, and 
the more likely it would be that data would be lost or participants withdrew.    
Because of the increased interest in the dwellings’ thermal performance, there was a 
need to record additional temperatures in the key living areas. Additional temperature 
probes were too expensive. Thus the research team decided to use some of the 
funds that had been withheld to allow replacement of any damaged or malfunctioning 
weather stations to purchase inexpensive data loggers of the kind commonly used for 
food transport, called LogTag data loggers. These credit-card sized loggers are 
commonly used in the food transport industry and provided an inexpensive method 
for recording temperatures in the living areas over the summer period. 
The LogTags were located in the main living areas of each of the dwellings in early 
December 2007, in time to record the majority of the summer period. The loggers 
recorded at the same (15-minute) intervals as the WeatherLink consoles, enabling 
direct comparisons to be made between BOM external temperatures, site outdoor 
temperatures, and indoor temperatures at two locations within the dwelling.   
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Figure 3-4 Example of the LogTag temperature loggers, located in main living areas of the case study dwellings 
The indoor and outdoor temperature measurements enabled statements such as the 
following (Szokolay 1988) to be evaluated: 
 
Brisbane - a warm-temperate climate…The summer is more humid, but 
warm only rather than hot.  The 25°C WBT is exceeded 17 hours a year 
only….The underheated period is longer than the overheated.  
Figure 3-5 (Szokolay 1991), which shows the monthly average minimum and 
maximum temperatures for Brisbane and the range of temperatures an average 
person would take as being comfortable, supports the above statement. However, it 
is important to note that Szokolay’s conclusion is based on outdoor temperatures. 
Indoor temperatures can be significantly different, depending on factors such as 
insulation levels, thermal mass, window areas and orientations, and ventilation rates. 
Broadly speaking, average indoor temperatures will be higher than average outdoor 
temperatures because of solar gains and indoor heat sources. Minimum indoor 
temperatures will also be higher, while maximum indoor temperatures can be lower 
or higher than maximum outdoor temperatures, depending on the above factors and 
the climate (in particular the diurnal range). In view of these considerations, a more 
careful examination of Figure 3-5, which shows that during summer the comfortable 
range is quite close to the maximum outdoor temperature, in fact suggests that for a 
poorly designed building with large unprotected windows overheating in warm 
seasons is in fact more likely to be the main problem.    
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Figure 3-5 Monthly average maximum and minimum outdoor temperatures, and the comfortable range, for Brisbane 
(from Szokolay 1991) 
As part of this project, experts engaged in sub-tropical design were given an 
opportunity to nominate winter and summer temperature ranges that would be 
acceptable to residents who have become acclimatised to what is fundamentally a 
benign climate and are preferentially adjusting their clothing and behaviour instead of 
using heating or air-conditioning. 
As no suggestions were received, the adaptive thermal comfort model of de Dear 
was used. This suits the above criteria rather well as it is based on field studies in 
which acclimatised occupants were able to control air movement and clothing to try to 
maintain comfort. In its simplest and most useful form, the adaptive model specifies a 
neutral temperature and an acceptable temperature range. The neutral temperature 
is the air temperature at which such occupants feel neither warm nor cool; the 
acceptable temperature range is the range of temperatures for which a given 
percentage of occupants find conditions acceptable. There are two acceptable 
temperature ranges in use: for 80% acceptability the range is ±3.5 degrees on either 
side of the neutral temperature; for 90% acceptability the range is ±2.5 degrees.  For 
the temperature analyses in this report the 90% acceptability limits were used. 
The neutral temperature, Tn, is usually calculated as the following function of the 
monthly mean outdoor air temperature, Tm: 
Tn = 17.8 + 0.31 Tm. 
Note that the adaptive comfort model only applies to overheated conditions, not 
underheated conditions. For Brisbane, the neutral temperatures and acceptable 
temperature ranges for the three summer months are shown in Table 3-6. 
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Table 3-6 Neutral temperatures and acceptable temperature ranges for Brisbane, based on 2006/2007 BOM data 
  Range for 
Period Neutral temperature 80% acceptability 90% acceptability 
December 2006 24.8 21.3 – 28.3 22.3 – 27.3 
January 2007 25.6 22.1 – 29.1 23.1 – 28.1 
February 2007 25.4 21.9 – 28.9 22.9 – 27.9 
Mean (Dec - 
Feb) 25.3 21.8 – 28.8 22.8 – 27.8 
It is interesting to note that the neutral temperatures are somewhat higher than 
typical office cooling thermostat settings of around 22 – 23°C, and that the upper 
limits of the acceptable ranges are considerably higher. This indicates that there is 
considerable potential for natural ventilation to reduce summer cooling energy 
consumption, provided it is available in the right place (i.e. at the site) and at the right 
time.  
The temperature analyses are not intended to show a preference for one dwelling 
type over another, but rather to examine the range of indoor temperatures 
experienced within one climate zone.  Many of the factors affecting indoor 
temperatures cannot be taken into account in developing a lot-rating methodology, 
but the intent behind this series of projects is to improve sub-divisional sustainability 
over the lifetime of the dwelling stock.  With that larger objective in mind, these 
analyses may provide a useful indication of contemporary attitudes and practices 
toward dwelling heating and cooling in a sub-tropical climate.   
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4. DATA ANALYSIS: RESULTS 
4.1 Wind 
4.1.1 Introduction 
The key questions and assumptions underlying this project were: 
• Are BOM wind data in any way representative of urban wind/ventilation 
conditions in our increasingly densely constructed suburban settings?   
• Increasing energy efficiency standards will require better understanding of 
natural ventilation opportunities, especially in tropical and sub tropical 
climates. 
• Regulatory authorities and industry have both indicated a strong need for 
better understanding of natural ventilation in urban environments. 
• Urban developers and designers need tools to help them optimise the 
potential for natural ventilation in all climate zones. 
• This section analyses the wind data collected in an attempt to throw some light 
on the first question. 
4.1.2 Degradation of wind speeds 
Modelling natural ventilation in a residential building requires, among other things, an 
estimate of the site wind speed (and direction). For example, the AccuRate software 
requires the site wind speed at the eaves level of the building. Since site wind data is 
generally not available, it is necessary to estimate it using data collected elsewhere, 
typically but not necessarily at airports. BOM data for Brisbane are available for the 
airport and ‘Brisbane City’, the latter being a site in a suburban park about 1.5 km 
from the GPO, and which has been used as the basis for comparison with case study 
wind data in this report. The ‘Brisbane City’ site is shown in Figure 4-1. 
Equations used to convert measured wind speeds to site wind speeds typically take 
into account height differences and differences in the terrain characteristics at the 
measurement and case study sites. For example, the terrain factor, ft, used by 
AccuRate to multiply the BOM wind speed is calculated as 
br b
b
b
rr
b
t
h
ha
af ⎟⎠
⎞⎜⎝
⎛⎟⎟⎠
⎞
⎜⎜⎝
⎛
⎟⎟⎠
⎞
⎜⎜⎝
⎛=
10
10 ,        (1) 
where hb is the eaves height (m) of the building above ground level, hr is the mast 
height (m) in the reference terrain where the wind speed was measured, ab and bb 
are the terrain parameters for the building terrain (given in Table 4-1 below), and ar 
and br are the terrain parameters for the reference terrain where the wind speed was 
measured (also given in Table 4-1).  
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Figure 4-1 The BOM ‘Brisbane City’ site 
Table 4-1 Terrain category parameters for use in equation (1) 
 Terrain Category 
 Exposed Open Suburban Urban 
a 1.00 0.85 0.67 0.47 
b 0.15 0.20 0.25 0.35 
 
The wind data collected for this project provided a good opportunity to check whether 
the above equation gives a reasonable estimate of the reduction in wind speed at the 
site. 
The terrain category for the case study sites is Suburban. For the BOM Brisbane City 
site, the most appropriate terrain category is also most likely to be Suburban, 
although there is clearly some difference in openness between the BOM site and the 
case study sites. The BOM mast height is 10 m, and since we are using equation (1) 
to convert BOM data to site-measured data, where the mast was approximately 2.5 
m high, we take hb = 2.5. Thus if both terrains are Suburban, ab = ar and bb = br, and 
 
25.0
10
5.2 ⎟⎠
⎞⎜⎝
⎛=tf = 0.71. 
Case study wind speed data for the 2006–2007 summer period (taken to be 
December-February) were compared with BOM Brisbane City wind speeds 
(measured at half-hourly intervals). The mean of the ratio of the case study speeds 
and the BOM speeds was calculated for this period. Only summer was analysed as 
this is the critical season for natural ventilation. 
The second column in Table 4-2 gives the results for 14 case study sites. The mean 
ratio is universally far lower than 0.71. Possible reasons for this include: 
• The sites are much more sheltered than is implied by the terrain parameters. 
• The coarse binning of wind speeds, described in section 3.2.1, resulted in 
misleadingly low ratios. This would occur if the distribution of wind speeds was 
biased towards low values, because wind speeds under 0.8 km/hr were 
recorded as being zero 
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In order to investigate the second possibility, two further comparisons were done. 
Firstly, the frequency of occurrences of ‘zero’ site wind speeds in summer were 
extracted from the tables in Appendix C and compared to the mean ratios of mean 
speeds. These frequencies are shown in the third column of Table 4-2. There is a 
clear correlation between the mean ratio of mean wind speeds and the frequency of 
‘zero’ wind speeds. This is shown in Figure 4-2, which also shows a quadratic fit to 
the points with a high R2 value of 0.94. 
y = 0.5952x2 - 0.8961x + 0.3583
R2 = 0.9395
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Figure 4-2 Mean ratio of mean wind speeds as a function of frequency of wind speeds recorded as zero by the 
WeatherLink station 
Secondly, the same ratio was calculated for the maximum wind speed recorded 
during the recording interval (15 minutes for the site data and 30 minutes for the 
BOM data), on the basis that the distribution of maximum wind speeds may be less 
likely to be biased towards low values. The ratios are given in the fourth column of 
Table 4-2, and are much higher than the mean wind speed ratios (on average by 
about a factor of 5). While this is suggestive, it is also possible that greater turbulence 
at the case study measurement height would account, at least in part, for the higher 
ratios.  
Overall however, these comparisons do suggest that the coarse binning of wind 
speeds has resulted in unrealistically low ratios of mean wind speeds. 
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Table 4-2 Mean ratios of case study wind speeds and BOM Brisbane City wind speeds, and frequencies of case 
study ‘zero’ speeds, for the 2006-2007 summer period. 
 
Case study 
Mean ratio of 
mean wind speeds 
Frequency of ‘zero’ 
wind speeds 
Mean ratio of maximum 
wind speeds 
01Coopers 0.031 0.64 0.198 
02Dutton 0.016 0.77 0.128 
03Taringa 0.063 0.46 0.268 
04Newfarm 0.024 0.77 0.236 
05Morning 0.057 0.53 0.281 
06Sinnamon 0.170 0.28 0.447 
07Jambore 0.081 0.44 0.287 
08Everton 0.065 0.46 0.256 
09Chelmer 0.039 0.55 0.196 
10Forest 0.091 0.44 0.344 
11Petrie 0.068 0.51 0.238 
12Kenmore 0.113 0.32 0.349 
13Corinda 0.063 0.49 0.227 
14Sinnamon 0.076 0.43 0.311 
Mean of site 
ratios 
0.068  0.269 
As a final comparison, BOM data from Brisbane airport were also acquired and 
compared with the Brisbane City data, for the summer period. At both BOM sites the 
mast height is 10 m, and the airport terrain is classified as Open. Thus equation (1) 
gives a reduction factor of (0.67/0.85) = 0.79. In fact for the mean wind speeds, the 
mean ratio of Brisbane City to Brisbane airport was found to be 0.52, while for the 
maximum speeds the mean ratio was 0.65. Both are significantly lower than given by 
equation (1), i.e. 0.79. 
This suggests that equation (1) underestimates the reduction in wind speed when it is 
used to estimate site wind speeds from BOM data. However the extent of the 
underestimation cannot be reliably established from the available data. 
Some further considerations, specific to the AccuRate software, are relevant to this 
discussion. Firstly, in AccuRate the choice of site terrain not only implements 
equation (1), but also multiples all calculated natural ventilation flow rates by a further 
so-called ‘shielding factor’, fs, which is tied to the terrain category. For Suburban 
terrain the shielding factor used is 0.57. Since the calculated flow rate is linearly 
dependent on wind speed, the use of the shielding factor is equivalent to multiplying 
the BOM wind speed by the shielding factor as well as by the terrain factor. Secondly, 
AccuRate uses Brisbane airport weather data, not Brisbane City. For airport data the 
terrain is Open, and thus equation (1) gives 
25.0
10
5.2
85.0
67.0 ⎟⎠
⎞⎜⎝
⎛⎟⎠
⎞⎜⎝
⎛=tf = 0.56. 
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Table 4-3 Mean ratios of case study and BOM Brisbane airport wind 
speeds for the 2006-2007 summer period. 
 
Case study 
Mean ratio of maximum wind 
speeds from Table 4-2 *0.65 
01Coopers 0.129 
02Dutton 0.083 
03Taringa 0.174 
04Newfarm 0.153 
05Morning 0.183 
06Sinnamon 0.291 
07Jambore 0.187 
08Everton 0.166 
09Chelmer 0.127 
10Forest 0.224 
11Petrie 0.155 
12Kenmore 0.227 
13Corinda 0.148 
14Sinnamon 0.202 
Mean of site 
ratios 
0.175 
Most of the factors in Table 4-3 are still considerably lower than the value of 0.32 
used by AccuRate (for the Suburban terrain category). These results suggest that the 
Urban terrain category might be more appropriate for many of these case study sites. 
To examine this possibility, Table 4-4 compares the terrain and shielding factors for 
the Suburban and Urban terrain as calculated by AccuRate. 
 
Table 4-4 Terrain and shielding factors as calculated by AccuRate (using Brisbane  airport as the reference data 
source and a site mast height of 2.5 m) 
Terrain Category 
Suburban Urban 
Terrain factor 0.56 0.34 
Shielding factor 0.57 0.31 
(Terrain factor) * (Shielding factor) 0.32 0.11 
Comparing Table 4-4 with Table 4-3 shows that if the terrain category for the case 
study site is chosen as Urban in AccuRate, the effective wind speed reduction factor, 
represented by (Terrain factor)*(Shielding factor), is small (0.11) and indeed 
generally smaller than most, but not all, of the site factors given in Table 4-3. Thus 
(assuming that, because of the equipment limitations, the ratio of maximum wind 
speeds is more representative of the effect of site sheltering than the ratio of mean 
wind speeds), these results suggest that when using AccuRate (but not necessarily 
other software or methods for estimating natural ventilation air flows) setting the 
terrain category to Suburban will give a reasonably realistic (but probably optimistic) 
reduction factor for wind speeds, while setting it to Urban will give a somewhat 
pessimistic reduction factor. It should also be noted that there is a significant degree 
of variability between case study sites when comparing the data within Table 4.3 (the 
mean of site ratios is 0.175 while the standard deviation is 0.05).   
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4.1.3 Variability in summer wind directions 
While the wind roses in Appendixes A–C can be used to evaluate differences in the 
predominant wind directions between individual sites, as well as between individual 
sites and the Brisbane site, they are not particularly suitable for obtaining an overall 
assessment of the effect of site topography on wind direction. Accordingly, Table 4-5 
and Figure 4-3 show the frequencies of summer occurrences for each direction, with 
the three most frequent directions highlighted; in Figure 4-3 the three predominant 
directions for Brisbane are indicated for greater ease of comparison. Also shown in 
are the sums of the frequencies of the three most frequent directions (note that 
3Taringa is not shown as it was withdrawn early in summer), the sums of the 
frequencies in the NE–SE quadrant, and the latter sums as a percentage of the 
Brisbane sum.  
Some trends are apparent from these results. In the broadest terms, the wind 
direction for all sites and for Brisbane is confined to the easterly side of the N-S line. 
More specifically, the Brisbane winds are predominantly easterly, with over half 
(57%) the occurrences lying in the quadrant from NE to SE, although there are 
significant occurrences in other directions (indicated by the fact that the sum of the 
three most frequent directions is one of the lowest). The predominant directions for 
the individual sites are somewhat scattered within the two quadrants on the east side 
of the N-S line. Nevertheless, they still reflect to a significant extent Brisbane’s 
direction pattern. This can be seen from the last two rows of Table 4-5, which show 
the sum of frequencies for the NE-SE quadrant, and this sum as a percentage of the 
Brisbane value. 
The percentages are also shown in Figure 4-4. For 8 of the 13 sites the percentage is 
above 50%, with three (7Jambore, 11Petrie and 14Sinnamon) showing a very high 
predominance of directions in the NE-SE quadrant. 
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Table 4-5 Frequencies of occurrences of wind directions for the 2006-2007 summer period. The three highest values in each column are highlighted 
 Brisb. 1Coopers 2Dutton 4Newfarm 5Morning 6Sinnamon 7Jambore 8Everton 9Chelmer 10Forest 11Petrie 12Kenmore 13Corinda 14Sinnamon 
N 0.05 0.06 0.04 0.01 0.14 0.07 0.03 0.03 0.00 0.06 0.07 0.01 0.04 0.01 
NNE 0.08 0.03 0.21 0.01 0.27 0.02 0.03 0.03 0.00 0.08 0.01 0.02 0.16 0.01 
NE 0.09 0.17 0.18 0.02 0.12 0.02 0.27 0.04 0.02 0.09 0.05 0.04 0.13 0.23 
ENE 0.10 0.07 0.05 0.02 0.03 0.05 0.27 0.09 0.15 0.08 0.41 0.03 0.05 0.39 
E 0.21 0.05 0.04 0.05 0.02 0.16 0.10 0.17 0.08 0.22 0.21 0.04 0.02 0.16 
ESE 0.09 0.25 0.11 0.15 0.04 0.17 0.08 0.06 0.05 0.17 0.03 0.11 0.04 0.05 
SE 0.08 0.06 0.16 0.26 0.23 0.06 0.04 0.05 0.11 0.12 0.02 0.08 0.12 0.04 
SSE 0.06 0.00 0.08 0.16 0.06 0.05 0.03 0.04 0.23 0.07 0.02 0.12 0.17 0.01 
S 0.05 0.00 0.03 0.05 0.02 0.07 0.03 0.06 0.10 0.04 0.02 0.15 0.23 0.01 
SSW 0.05 0.01 0.01 0.03 0.01 0.01 0.02 0.04 0.04 0.01 0.04 0.09 0.00 0.01 
SW 0.05 0.04 0.01 0.04 0.00 0.02 0.06 0.03 0.05 0.00 0.03 0.02 0.00 0.02 
WSW 0.03 0.01 0.01 0.08 0.00 0.03 0.01 0.03 0.07 0.01 0.01 0.02 0.01 0.03 
W 0.01 0.03 0.00 0.05 0.00 0.01 0.00 0.12 0.06 0.02 0.01 0.12 0.00 0.02 
WNW 0.01 0.01 0.02 0.04 0.00 0.01 0.00 0.08 0.02 0.01 0.01 0.10 0.00 0.00 
NW 0.01 0.01 0.05 0.03 0.01 0.13 0.00 0.09 0.00 0.01 0.01 0.03 0.00 0.00 
NNW 0.03 0.19 0.01 0.01 0.05 0.11 0.02 0.03 0.00 0.01 0.06 0.02 0.01 0.00 
Sum of 3 
highest freq. 0.40 0.61 0.55 0.57 0.64 0.46 0.64 0.35 0.49 0.51 0.69 0.39 0.56 0.78 
Sum of NE-
SE freq. 0.57 0.42 0.34 0.41 0.23 0.33 0.64 0.26 0.26 0.51 0.62 0.00 0.00 0.78 
Sum of NE-
SE freq. as 
% of Brisb. 
100.0 73.8 59.7 72.0 40.4 57.9 112.4 45.7 45.7 89.6 108.9 0.0 0.0 137.0 
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Figure 4-3 Frequencies of occurrences of wind directions for the 06-07 summer period. 
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Figure 4-4 Sum of the frequencies of occurrences in the NE– SE quadrant as a percentage of the sum for 
Brisbane, for the 2006–2007 summer period 
4.1.4 Variability in spring wind directions 
A similar analysis was done for spring, a season which is also important for 
natural ventilation. Again, Table 4-6 and Figure 4-5 show the frequencies of 
spring occurrences for each direction, with the three most frequent directions 
highlighted. 
Unlike the summer results, the spring wind directions are much more variable. 
There is still some tendency for the wind direction to be confined to the 
easterly side of the N-S line, but there are significant occurrences of high 
frequencies on the westerly side. 
4.1.5 Wind directions – discussion 
 
Taken alone, the summer results suggest that, notwithstanding the 
considerable variability between sites, the predominant wind directions at the 
sites were reasonably well matched to those from the Brisbane BOM site.  On 
the basis of these results, there is clearly an opportunity to include additional 
factors (such as wind speed and time of day) in exploring the development a 
lot rating methodology.  In contrast, the spring data showed much more 
variability in wind directions recorded at the study sites.  These findings for 
Spring highlight that it would considerably more difficult to establish a 
framework for comparing lots in terms of the potential natural ventilation 
benefits on the basis of wind direction. Different, but consistent, wind 
directions between seasons would offer more potential than the findings 
presented here where there appears to be no prevailing wind direction across 
the study sites.   
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Table 4-6 Frequencies of occurrences of wind directions for the 2006 spring period. The three highest values in each column are highlighted 
 Brisb. 1Coopers 2Dutton 3Taringa 4Newfarm 5Morning 6Sinnamon 7Jambore 8Everton 9Chelmer 10Forest 11Petrie 12Kenmore 
N  0.15 0.09 0.02 0.00 0.12 0.08 0.05 0.02 0.01 0.10 0.11 0.01 
NNE  0.04 0.24 0.02 0.00 0.28 0.03 0.04 0.02 0.01 0.11 0.03 0.03 
NE  0.13 0.11 0.03 0.01 0.11 0.02 0.26 0.03 0.02 0.12 0.05 0.05 
ENE  0.18 0.03 0.06 0.02 0.02 0.03 0.17 0.07 0.14 0.08 0.18 0.03 
E  0.02 0.06 0.10 0.06 0.01 0.10 0.08 0.16 0.09 0.14 0.25 0.03 
ESE  0.09 0.15 0.15 0.15 0.02 0.12 0.06 0.07 0.06 0.11 0.02 0.09 
SE  0.08 0.09 0.14 0.20 0.20 0.03 0.02 0.04 0.13 0.07 0.02 0.04 
SSE  0.01 0.02 0.07 0.14 0.05 0.04 0.03 0.03 0.18 0.04 0.02 0.06 
S  0.00 0.02 0.05 0.06 0.03 0.09 0.03 0.05 0.04 0.07 0.04 0.12 
SSW  0.01 0.01 0.07 0.03 0.04 0.01 0.03 0.04 0.04 0.02 0.06 0.08 
SW  0.07 0.01 0.17 0.04 0.02 0.03 0.16 0.03 0.05 0.01 0.05 0.03 
WSW  0.01 0.01 0.07 0.09 0.01 0.05 0.03 0.03 0.09 0.02 0.02 0.03 
W  0.03 0.01 0.02 0.09 0.00 0.02 0.00 0.15 0.12 0.03 0.02 0.20 
WNW  0.05 0.06 0.01 0.08 0.01 0.02 0.00 0.12 0.02 0.03 0.01 0.13 
NW  0.02 0.08 0.02 0.03 0.02 0.14 0.01 0.12 0.00 0.02 0.02 0.05 
NNW  0.11 0.03 0.01 0.01 0.04 0.17 0.04 0.03 0.00 0.02 0.11 0.02 
Sum of 3 
highest freq.  0.44 0.50 0.46 0.49 0.60 0.43 0.59 0.43 0.45 0.37 0.54 0.45 
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Figure 4-5 Sum of the frequencies of occurrences in the NE– SE quadrant as a percentage of the sum for Brisbane, for the 2006 spring period
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4.2 Temperatures 
4.2.1 Introduction 
As described in section 3.3, indoor and outdoor temperatures were monitored at each 
site using the WeatherLink and LogTag sensors. The WeatherLink sensors were 
located in either a spare bedroom, or in a dedicated room or space adjacent to the 
dwelling entry. Typically these spaces were little used and unconditioned, which, 
while possibly not typical of temperatures experienced by the occupants, do give 
some indication of the performance of the building envelope itself. On the other hand 
the LogTag sensors were located in the main living areas of each of the dwellings, 
which, while more typical, were affected by air conditioning. 
While it would have been possible to calculate the neutral temperature using the 
monthly mean outdoor temperature for each site, for simplicity and consistency the 
neutral temperatures and the upper and lower limits of acceptability for each month 
were based on the BOM Brisbane City temperature data (as given in Table 3-6, 
reproduced here for convenience as Table 4-7). 
Table 4-7 Neutral temperatures and acceptable temperature ranges for Brisbane, based on 2006/2007 BOM data 
  Range for 
Period Neutral temperature 80% acceptability 90% acceptability 
December 2006 24.8 21.3 – 28.3 22.3 – 27.3 
January 2007 25.6 22.1 – 29.1 23.1 – 28.1 
February 2007 25.4 21.9 – 28.9 22.9 – 27.9 
Mean (Dec - Feb) 25.3 21.8 – 28.8 22.8 – 27.8 
4.2.2 Summary of temperature performance 
Two simple performance indicators can be calculated from the upper limits of 
acceptability and the measured indoor temperatures: 
1. The number of occurrences when the indoor temperature exceeds the upper 
limit; or 
2. The cumulative difference between the indoor temperature and the upper limit. 
A typical unit is degree-hours: thus if the indoor temperature was 35°C for one 
hour and the upper limit for 90% acceptability is 27.3°C, 7.7 degree-hours are 
added to the total, on the other hand, if the indoor temperature was 28°C, only 
0.7 degree-hours would be added to the total  Notice that simply counting the 
number of occurrences would not distinguish between a temperature of 28°C 
and 35°C, but the degree-hours do. Thus the degree-hour index is 
considerably more sensitive. However it does assume that 10 hours at an 
indoor temperature one degree above the upper limit is equivalent to one hour 
at 10 degrees above. This is not necessarily justified.  
The results are given in Table 4-8. Also included in this table is whether a house was 
fully air conditioned, and an assessment of how well the lot was ventilated, based on 
homeowner assessment (from Miller et al. 2006, Figure 4.3 for case studies 1-12, 
and Appendix E.13 and E.14 in this report). 
 
 
 
  
  46 
2. Final Report - Ventilation Data Analysis.doc   
   
Table 4-8 Temperature performance indicators obtained from the WeatherLink and LogTag sensors for the summer 
period December 2006 – February 2007. The column ‘Fully A/C?’ indicates whether the houses that were fully air 
conditioned. The column ‘Lot vent.’ shows the ventilation potential of each lot: G = good, P = poor   
 WeatherLink LogTag 
Case study Lot vent. 
Fully 
A/C? 
Occurrences 
above upper 
limit 
(%) 
Degree-hours 
above upper 
limit 
(normalised to 
2160 hours) 
Occurrences 
above upper 
limit 
(%) 
Degree-hours 
above upper 
limit 
(normalised to 
2160 hours) 
01Coopers G N 31.6 2489 15.4 531 
02Dutton G N 21.8 1433 15.5 855 
03Taringa1 G N 46.0 2512 11.3 396 
04Newfarm P N 23.7 1223 29.3 2097 
05Morning P N 35.3 1683 34.4 1498 
06Sinnamon G Y 25.6 1692 22.7 1561 
07Jambore G Y 28.0 1506 8.7 518 
08Everton2 P Y 44.1 5201 14.2 483 
09Chelmer G N 25.5 1710 15.3 905 
10Forest G Y 16.5 1001 16.4 787 
11Petrie P N 33.5 2353 38.3 2810 
12Kenmore2 G N 99.9 28 011 26.3 2147 
13Corinda G N 47.9 3862 - - 
14Sinnamon3 P N 39.5 2163 - - 
Notes 
1. Only December data available. 
2. See discussion below. 
3. Only January and February data available. 
There are often significant differences between the WeatherLink and LogTag results, 
with the latter almost always considerably better. Some of these differences are 
attributable to the fact that the LogTag sensors could have been in air conditioned 
rooms, but not all. In particular, the high WeatherLink results for 08Everton were at 
least in part caused by brief morning temperature spikes, almost certainly due to the 
sun striking the sensor. On the other hand, the extraordinarily high WeatherLink 
results for 12Kenmore appear to be genuine, as shown in Figure 4-6, suggesting that 
the room containing the WeatherLink sensor might have been unventilated and 
subject to high solar heat gains. 
Are the results of Table 4-8 correlated in any way with the envelope construction? 
The abbreviations used in an earlier report for this project (Miller et al., 2006) will be 
used here, namely: 
• BV/C:  Brick veneer/concrete floor 
• BV/C+T: Brick veneer/concrete + timber floors 
• LW/T:  Lightweight/timber floor   
• DB/T:  Double brick/timber floor 
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Figure 4-6 Temperature data for 12Kenmore, December 2006. ‘12Kenmore In Temp’ indicates the WeatherLink data. 
The results in Table 4-8 were sorted according to the four temperature performance 
indicators, and the sorted lists are given in Table 4-9. 
Table 4-9 Case studies sorted according to the four temperature performance indicators from Table 4-8. Houses that 
are fully air conditioned are indicated by A/C. The lot ventilation assessment from Table 4-8 is also given (G = Good, 
P = Poor) 
Sorted (best to worst) according to 
WeatherLink 
Occurrences above 
upper limit 
WeatherLink Degree-
hours above upper 
limit 
LogTag Occurrences 
above upper limit 
LogTag Degree-hours 
above upper limit 
10Forest (BV/C) A/C, G 10Forest (BV/C) A/C, G 07Jambore (BV/C) A/C, G 03Taringa (BV/C+T) G 
02Dutton (LW/T) G 04Newfarm (LW/T) P 03Taringa (BV/C+T) G 08Everton (BV/C+T) A/C, P 
04Newfarm (LW/T) P 02Dutton (LW/T) G 08Everton (BV/C+T) A/C, P 07Jambore (BV/C) A/C, G 
09Chelmer (LW/T) G 07Jambore (BV/C) A/C, G 09Chelmer (LW/T) G 01Coopers (BV/C) G 
06Sinnamon (BV/C) A/C, 
G 05Morning (DB/T) P 01Coopers (BV/C) G 10Forest (BV/C) A/C, G 
07Jambore (BV/C) A/C, G 06Sinnamon (BV/C) A/C, G 02Dutton (LW/T) G 02Dutton (LW/T) G 
01Coopers (BV/C) G 09Chelmer (LW/T) G 10Forest (BV/C) A/C, G 09Chelmer (LW/T) G 
11Petrie (BV/C) P 14Sinnamon (BV/C) P 06Sinnamon (BV/C) A/C, G 05Morning (DB/T) P 
05Morning (DB/T) P 11Petrie (BV/C) P 12Kenmore (BV/C+T) G 06Sinnamon (BV/C) A/C, G 
14Sinnamon (BV/C) P 01Coopers (BV/C) G 04Newfarm (LW/T) P 04Newfarm (LW/T) P 
08Everton (BV/C+T) A/C, 
P 03Taringa (BV/C+T) G 05Morning (DB/T) P 12Kenmore (BV/C+T) G 
03Taringa (BV/C+T) G 13Corinda (LW/T) G 11Petrie (BV/C) P 11Petrie (BV/C) P 
13Corinda (LW/T) G 08Everton (BV/C+T) A/C, P   
12Kenmore (BV/C+T) G 12Kenmore (BV/C+T) G   
The results are, not surprisingly, mixed. Certainly there seems to be little 
correspondence between the WeatherLink rankings and the LogTag rankings. Some 
of this is no doubt due to special circumstances, as discussed above. The other 
possibility is that poor-performing envelopes would be ranked low using the 
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WeatherLink data (which was collected in unconditioned rooms), but because they 
would be more likely to be air conditioned, their ranking would be higher using the 
LogTag data. 
Do the temperature data suggest any correlation between the ranking based on 
indoor temperature and the lot ventilation assessment? Such a correlation would be 
highly relevant to the second objective of this project (see section 1.2). To attempt to 
answer this question, the 14 sorted case studies from Table 4-9 were divided into two 
groups – the top 7 (28 results) and the bottom 7 (24 results) – and the percentage 
occurrences of ‘G’, ‘P’, ‘A/C, G’, and ‘A/C, P’, were calculated. The results are given 
in Table 4-10.  
Table 4-10. Percentage occurrences in Table 4-9 of the combinations of the lot ventilation assessment and whether 
the house was fully air conditioned or not. Note that ‘Not A/C’ merely indicates that the house was not fully air 
conditioned. 
 Good Poor 
 A/C Not A/C A/C Not A/C 
Top 7 case studies 36 46 7 11 
Bottom 7 case studies 8 38 8 46 
Perhaps surprisingly, Table 4-10 suggests (if only weakly given the crude nature of 
the processing of Table 4-9) that lots assessed as having Poor ventilation are 
associated with poor-performing buildings, since only 11% of Poor lots (Not A/C) 
appear in the top seven case studies while 46% (Not A/C) appear in the bottom 
seven. The converse is less striking, with 46% of Good (Not A/C) lots in the top 
seven and 38% (Not A/C) in the bottom seven. Not surprisingly, a much higher 
proportion of fully air conditioned houses (43%) appear in the top seven than in the 
bottom seven (16%). 
Some researchers contend that lightweight construction is the most appropriate for 
Brisbane’s summer climate. To examine this question, the same technique as used 
above for the lot assessments was applied, and the results are given in Table 4-11. 
Table 4-11. Percentage occurrences in Table 4-9 of the construction types, according to whether the house was fully 
air conditioned or not. Note that ‘Not A/C’ merely indicates that the house was not fully air conditioned. 
 LW/T BV/C+T BV/C DB/T 
 A/C Not A/C A/C Not A/C A/C 
Not 
A/C A/C Not A/C 
Top 7 case studies 0 36 7 7 36 11 0 4 
Bottom 7 case 
studies 0 17 8 25 8 29 0 13 
Table 4-11 does indicate that, for the ‘Not A/C’ cases, the lightest form of 
construction (LW/T) appears more often in the top seven than in the bottom seven, 
whereas for the other three forms of construction, which are all heavier, the opposite 
is the case.  
It is also interesting to note that 05Morning, which is the only house with cavity brick 
walls, ranks lower on the basis of occurrences than on the basis of degree hours. 
This is consistent with the expected behaviour of heavyweight walls compared to 
lightweight walls, whereby although peak temperatures may be lower for heavyweight 
walls, they maintain a higher temperature for longer. 
Considerably more analysis of the temperature measurements could be undertaken, 
but would require significant effort – especially since it would be necessary to 
carefully assess all dubious results (such as solar radiation directly striking a sensor) 
– and is in any case outside the direct scope of this project. 
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5. CONCLUSIONS 
This project represented possibly the first attempt to come to grips with the 
complexity of the issues involved in assessing the natural ventilation potential of 
increasingly densely constructed suburban environments in a sub-tropical climate. 
The objectives listed in section 1.2 summarise the key issues and it is useful to 
repeat them here: 
• Quantify, and verify or challenge, the role natural ventilation has in cooling 
residences in sub-tropical climates, through monitoring wind speed and 
direction in a range of sub-divisional settings throughout SEQ.  
• Establish the degree of degradation in natural ventilation potential imposed by 
increasingly densely constructed suburban environments.  
• Compare the data with data from BOM monitoring stations in SEQ. 
• Examine whether it is feasible to derive a ventilation factor that can be applied 
to the existing SEDA lot-rating methodology.  
• If feasible, thereby develop a lot-rating methodology for use in SEQ. 
The extent to which each objective was met will now be discussed. 
5.1 Objective 1 – assess role of natural ventilation in cooling 
residences 
Wind speed and direction were monitored in 14 case study sites in suburban 
Brisbane. However monitoring wind alone would not be sufficient to meet this 
objective. To assess the role that natural ventilation has in cooling residences, it 
would seem essential to also (a) ascertain to what extent occupants used natural 
ventilation – both with respect to time and rooms; and (b) to monitor indoor 
temperatures in the houses and examine whether there is some correlation between 
indoor temperatures and the ventilation potential of the lot. 
Both (a) and (b) are necessary: for example, if the house is unoccupied during the 
day, then monitored temperatures alone would give a misleading impression. 
Likewise, if the room containing the temperature monitoring equipment is largely 
unoccupied, then again the temperature data can be misleading. A possible example 
of this was shown in Figure 4-6 for 12Kenmore, where the room was consistently 
very hot. 
Although indoor temperatures were indeed measured in two rooms of each house, 
not enough detailed information about occupants’ use of natural ventilation was 
obtained to allow the temperature measurements to be reliably interpreted. 
Nevertheless, a (weak) conclusion was drawn from the temperature and lot 
ventilation categorisation that incorporated threshold data for internal temperatures 
namely lots assessed as having ‘Poor’ ventilation are associated with poor-
performing buildings.  This finding does need to be qualified given the fact that indoor 
temperatures were not necessarily representative of the entire house.    
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5.2 Objective 2 – assess degradation of natural ventilation 
potential 
The weather stations located at each site logged wind speeds averaged over 15-
minute intervals as well as the maximum speed during each interval. The BOM City 
site did the same but over 30-minute intervals. A comparison of the average site 
speeds with the average BOM speeds suggested that the site speeds were reduced 
by extremely large amounts – averaged over the 14 sites, the wind speed was 
reduced by a factor of about 15. This is far greater than the factor of about 1.4 that 
would be calculated to account for the fact that the BOM weather station is 10 m 
above the ground, whereas the site stations were 2.5 m above the ground. However 
this result was considered to be unreliable because of the coarse binning of data 
from the site WeatherLink stations (the reasons are discussed in section 4.1.2). 
Comparison of maximum wind speeds showed a considerably smaller reduction 
factor of about 3.7, which is still considerably higher than the expected value. Thus 
one conclusion from the measured data was that  
• The reduction in wind speed at the site compared to the BOM Brisbane City 
site was considerably greater than expected. 
However, because of the unexpected inadequacies in the WeatherLink logging 
software 
• The size of the reduction in wind speed could not be reliably quantified. 
Some further analysis was undertaken that was specifically targeted at the AccuRate 
software’s modeling of natural ventilation in buildings. Noting that AccuRate typically 
uses weather data from airports, Brisbane airport wind speeds were acquired and 
compared with the site speeds. The reduction factor, averaged over the 14 sites, was 
found to be about 5.7. AccuRate’s reduction factor (assuming that the case study 
sites are located in ‘Suburban’ terrain) is about 3.1 – certainly lower than 5.7 but 
much closer than the simple comparison of site speeds with BOM city speeds. 
Finally, it was noted that if in AccuRate the terrain category for the case study sites 
was changed to ‘Urban’, the calculated reduction factor rose to about 9.1 – which is 
now greater than 5.7. Thus another conclusion was that 
• As far as AccuRate’s calculation of wind speed reduction factors is 
concerned, setting the terrain category to Suburban will give a reasonably 
realistic (but probably optimistic) reduction factor for wind speeds, while 
setting it to Urban will give a somewhat pessimistic reduction factor 
5.3 Objective 3 – compare site wind data with data from BOM 
monitoring stations 
Much of this comparison is discussed in section 5.2. Comparisons of wind directions 
were also made for the spring 2006 and summer 2006-2007 periods. The summer 
results suggested that the predominant site wind directions matched those from the 
BOM Brisbane City site sufficiently well that even in a mature suburb there may be 
some benefit (on average) in orienting the building to take advantage of the 
prevailing summer winds. However the spring data showed much more variability in 
the predominant site wind directions, with little or no alignment with the BOM 
directions. These findings can be summarised as 
• Given the combined results from summer and spring, the wind direction data 
from the case study sites could not be correlated with data from the BOM site 
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for Brisbane.   
5.4 Objectives 4 and 5 – assess feasibility of deriving a ventilation 
factor and developing a lot-rating methodology for use in SEQ 
The diversity of the case study sites – as revealed through the brief descriptions in 
the Appendix - demonstrates the complexities that would be involved in developing a 
lot-rating methodology. One obvious difficulty is that while rating a cleared 
subdivision site might be able to take into account local topographical features such 
as hills and valleys, it would not be possible to account for the significant effect of the 
vegetation that will eventually grow and significantly affect the ventilation potential of 
each lot. 
Thus, while some tentative results were obtained for a wind speed reduction factor, it 
is clear from the foregoing that, as far as this project is concerned, 
• The sparse nature of the measured data, the complexity of residential 
subdivision and development processes as well as the interaction of 
vegetation and topography means that it was not possible for this project to 
develop a lot-rating methodology for natural ventilation that would aid in the 
design and development of urban areas. 
5.5 Recommendations for future work 
Given the growth in residential air conditioning energy demand in south-east 
Queensland, its effect on peak electricity demand and its contribution to Australia’s 
CO2 emissions, it is important that every encouragement be given to reducing this 
demand through good building and subdivision design, including maximising the use 
of natural ventilation. With respect to subdivision design, this project represents the 
beginning, rather than an endpoint, of work in this area. Future projects should be 
undertaken to build and improve on this work. One way that this could be done is to 
• Track the changes in wind characteristics in a planned subdivision by 
collecting data at various stages in its development. This longitudinal study 
would help to disentangle the effects of local topography from the effects of 
local shielding by other buildings and vegetation. 
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7. GLOSSARY 
BOM  Bureau of Meteorology  
BV/C  Brick veneer/concrete floor 
BV/C+T Brick veneer/concrete + timber floors 
CO2  Carbon dioxide  
CRC CI Cooperative Research Centre for Construction Innovation 
CSIRO Commonwealth Scientific and Industrial Research Organisation 
LW/T  Lightweight/timber floor 
m  Metre 
m²  Metres squared 
PC  Personal computer 
QUT  Queensland University of Technology 
SEDA  Sustainable Energy Development Authority 
SEQ  South East Queensland 
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Appendix A - Winter wind roses and associated data 
A.1 Brisbane 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 572 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.13 
2 11 5 8 8 16 7 9 9 21 29 45 33 19 3 2 5 0.05 
4 15 5 11 6 13 4 14 14 29 50 79 63 24 2 0 9 0.08 
5 25 21 29 16 15 15 14 22 67 115 227 198 33 3 2 1 0.18 
8 25 27 33 14 36 25 32 24 51 140 321 223 40 10 7 10 0.23 
9 24 29 28 15 32 21 30 18 36 70 141 99 39 8 0 8 0.14 
11 6 25 23 25 41 26 32 24 36 33 46 28 23 3 0 3 0.08 
13 1 7 15 30 38 18 25 12 22 16 8 19 15 1 1 1 0.05 
15 0 2 3 14 28 12 15 10 11 6 4 7 16 0 0 0 0.03 
17 0 0 0 2 9 7 2 6 7 5 3 4 14 0 0 0 0.01 
18 0 0 0 0 7 1 1 1 0 1 0 4 18 0 0 0 0.01 
21 0 0 0 0 1 0 1 1 1 3 0 1 8 0 0 0 0 
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22 0 0 0 0 0 0 0 0 0 0 0 1 5 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
26 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Freq 0.15 0.03 0.03 0.03 0.05 0.03 0.04 0.03 0.06 0.11 0.2 0.15 0.06 0.01 0 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 
2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0.02 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 1 0 0 0 0 0 3 5 8 1 1 0 0 0 0.21 
8 1 0 0 0 0 0 0 0 3 4 20 3 0 0 0 0 0.34 
9 0 0 0 0 0 0 0 0 1 3 14 4 1 0 0 0 0.25 
11 0 0 0 0 0 0 1 0 0 3 4 0 0 0 0 0 0.09 
13 0 0 0 0 0 0 0 0 0 3 1 2 1 0 0 0 0.08 
15 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.02 0 0.01 0 0 0 0.01 0 0.1 0.2 0.51 0.11 0.04 0 0 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.01 
8 0 1 2 3 1 0 1 0 1 2 1 1 1 0 0 1 0.16 
9 0 4 4 0 1 0 3 0 0 0 1 1 2 0 0 1 0.18 
11 0 6 0 2 1 1 0 1 4 3 1 1 0 1 0 0 0.23 
13 0 0 1 2 5 1 3 1 0 0 0 1 0 0 0 0 0.15 
15 0 1 0 5 2 2 1 0 0 0 0 0 1 0 0 0 0.13 
17 0 0 0 0 1 0 0 1 1 0 0 0 2 0 0 0 0.05 
18 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0.03 
21 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0.01 
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.13 0.08 0.13 0.14 0.04 0.09 0.03 0.08 0.07 0.03 0.04 0.1 0.01 0 0.02  
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A.2 1Coopers 
 
 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 352 110 197 408 75 108 201 59 17 57 396 155 250 264 64 141 0.67 
1.6 164 14 50 143 2 6 11 0 0 0 262 33 119 274 6 37 0.26 
3.2 7 0 8 2 0 0 0 0 0 0 58 4 18 105 2 0 0.05 
6.4 0 0 0 0 0 0 0 0 0 0 16 2 14 33 0 0 0.02 
Freq 0.12 0.03 0.06 0.13 0.02 0.03 0.05 0.01 0.00 0.01 0.17 0.05 0.10 0.16 0.02 0.04  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 1 1 2 0 0 1 0 0 2 19 9 8 8 1 0 0.66 
1.6 0 0 0 0 0 0 0 0 0 0 12 1 3 7 0 0 0.28 
3.2 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0.04 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0.01 
Freq 0.01 0.01 0.01 0.03 0.00 0.00 0.01 0.00 0.00 0.03 0.41 0.13 0.14 0.21 0.01 0.00  
  
  64 
2. Final Report - Ventilation Data Analysis.doc   
   
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 2 1 6 11 2 5 5 1 0 4 2 0 5 3 0 4 0.58 
1.6 4 0 3 10 0 0 0 0 0 0 4 0 1 6 0 1 0.33 
3.2 1 0 0 0 0 0 0 0 0 0 3 0 1 3 0 0 0.09 
Freq 0.14 0.00 0.08 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.05 0.24 0.00 0.03  
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A.3 2Dutton 
 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 153 184 187 61 181 367 193 90 62 40 52 44 124 1370 1067 158 0.87 
1.6 51 37 10 1 19 164 92 23 28 32 36 5 6 74 59 14 0.13 
3.2 1 0 0 0 0 4 2 1 0 4 7 0 2 1 0 0 0 
Freq 0.04 0.04 0.04 0.01 0.04 0.11 0.06 0.02 0.02 0.02 0.02 0.01 0.03 0.29 0.22 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 1 2 0 0 0 0 0 1 1 38 18 2 0.91 
1.6 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 0 0.09 
3.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0 0 0.01 0.03 0 0 0 0 0 0.01 0.01 0.61 0.29 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 6 5 2 3 16 2 1 1 0 2 1 2 5 3 3 0.71 
1.6 6 1 0 0 0 5 2 1 0 0 4 0 0 0 1 1 0.28 
3.2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
Freq 0.09 0.09 0.07 0.03 0.04 0.28 0.05 0.03 0.01 0 0.08 0.01 0.04 0.07 0.05 0.05  
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A.4 3Taringa 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 27 61 69 130 168 314 248 292 293 439 580 140 46 36 53 49 0.46 
1.6 11 17 40 60 76 125 248 191 144 214 1047 213 24 25 26 11 0.39 
3.2 0 0 1 0 2 1 39 47 11 49 465 105 3 4 3 2 0.11 
4.8 0 0 0 0 0 0 3 5 9 16 108 18 0 0 0 0 0.02 
6.4 0 0 0 0 0 0 1 2 0 11 40 9 0 0 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 3 26 4 0 0 0 0 0.01 
9.7 0 0 0 0 0 0 0 0 0 0 8 2 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Freq 0.01 0.01 0.02 0.03 0.04 0.07 0.08 0.08 0.07 0.11 0.35 0.08 0.01 0.01 0.01 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 1 2 4 2 1 4 2 0 1 0 0 0.21 
1.6 0 0 0 0 0 0 5 2 0 1 27 6 1 0 0 0 0.51 
3.2 0 0 0 0 0 0 1 0 0 0 14 3 0 0 0 0 0.22 
4.8 0 0 0 0 0 0 0 0 0 1 4 0 0 0 0 0 0.06 
Freq 0 0 0 0 0 0.01 0.1 0.07 0.02 0.04 0.6 0.13 0.01 0.01 0 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 2 2 0 1 0 1 1 5 1 0 0 0 2 0.2 
1.6 0 1 1 2 3 7 5 4 1 5 9 8 0 1 0 0 0.57 
3.2 0 0 0 0 0 0 1 3 0 2 4 3 0 0 0 0 0.16 
4.8 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0.05 
6.4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
Freq 0.01 0.01 0.01 0.05 0.06 0.09 0.09 0.09 0.02 0.11 0.28 0.15 0 0.01 0 0.02  
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A.5 4Newfarm 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 25 38 42 100 305 454 408 208 163 149 172 187 232 189 111 47 0.54 
1.6 8 9 24 56 283 383 218 116 42 21 31 77 193 224 82 23 0.34 
3.2 0 0 0 12 89 127 48 16 6 2 1 11 47 105 16 0 0.09 
4.8 0 1 0 2 35 30 14 3 3 1 1 0 8 13 3 0 0.02 
6.4 0 0 0 1 4 4 5 3 0 0 0 0 0 1 0 0 0 
8 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.01 0.01 0.03 0.14 0.19 0.13 0.07 0.04 0.03 0.04 0.05 0.09 0.1 0.04 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 2 3 2 2 0 0 0 3 0 1 1 0 0.26 
1.6 0 0 0 2 8 12 1 0 0 0 0 1 3 6 0 0 0.62 
3.2 0 0 0 1 3 1 0 0 0 0 0 1 0 0 0 0 0.11 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0 0.06 0.25 0.3 0.06 0.04 0 0 0 0.09 0.06 0.13 0.02 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 0 1 0 4 2 0 3 3 3 0 0 3 1 0.38 
1.6 0 0 0 0 1 2 4 3 2 1 3 1 2 3 1 0 0.42 
3.2 0 0 0 1 3 1 1 0 0 0 0 0 0 4 0 0 0.18 
4.8 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.02 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.02 0 0.02 0.11 0.05 0.16 0.09 0.04 0.07 0.11 0.07 0.04 0.13 0.07 0.02  
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A.6 5Morning 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 137 282 213 85 96 134 445 612 503 525 574 152 86 32 51 76 0.57 
1.6 105 357 154 10 6 22 576 661 199 228 157 4 3 3 9 14 0.36 
3.2 6 17 9 0 0 0 91 203 24 73 7 0 0 0 0 1 0.06 
4.8 0 0 0 0 0 0 8 49 5 10 0 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 2 6 1 0 0 0 0 0 0 0 0.00 
8 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0.00 
Freq 0.04 0.09 0.05 0.01 0.01 0.02 0.16 0.22 0.10 0.12 0.11 0.02 0.01 0.00 0.01 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 1 0 0 0 2 1 4 4 1 0 0 0 0 0.42 
1.6 0 0 0 0 0 0 3 11 1 0 0 0 0 0 0 0 0.48 
3.2 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0.10 
Freq 0.00 0.00 0.00 0.03 0.00 0.00 0.16 0.42 0.10 0.13 0.13 0.03 0.00 0.00 0.00 0.00  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 4 1 1 0 2 2 1 2 0 1 1 1 0 0 0 0.19 
1.6 4 26 1 0 0 1 12 7 2 2 4 1 0 0 0 3 0.70 
3.2 0 0 1 0 0 0 0 7 0 2 0 0 0 0 0 0 0.11 
Freq 0.06 0.33 0.03 0.01 0.00 0.03 0.16 0.17 0.04 0.04 0.06 0.02 0.01 0.00 0.00 0.03  
  
  77 
2. Final Report - Ventilation Data Analysis.doc   
   
A.7 6Sinnamon 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 96 109 99 85 197 140 279 365 541 310 248 160 48 48 108 120 0.43 
1.6 74 23 21 30 126 188 73 152 399 35 187 266 45 32 102 99 0.27 
3.2 53 8 7 14 84 184 21 68 208 13 121 254 27 25 83 95 0.19 
4.8 7 1 3 4 25 44 4 34 92 1 27 108 20 10 45 34 0.07 
6.4 1 0 0 0 0 5 1 17 47 0 7 45 6 1 10 8 0.02 
8 0 0 0 0 0 0 0 3 19 0 1 33 9 1 1 0 0.01 
9.7 0 0 0 0 0 0 0 0 8 0 3 23 0 0 0 0 0.01 
11.3 0 0 0 0 0 0 0 0 4 0 0 9 2 0 0 0 0.00 
12.9 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0.00 
14.5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0.00 
Freq 0.03 0.02 0.02 0.02 0.06 0.08 0.06 0.09 0.19 0.05 0.09 0.13 0.02 0.02 0.05 0.05  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 1 0 1 0 1 3 4 0 4 0 2 1 0 0 0.18 
1.6 0 0 0 1 0 2 0 4 24 3 5 10 0 0 1 0 0.54 
3.2 0 0 0 0 0 0 0 0 3 0 6 13 0 0 0 0 0.24 
4.8 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
Freq 0.00 0.00 0.01 0.01 0.01 0.02 0.01 0.08 0.36 0.03 0.16 0.25 0.03 0.01 0.01 0.00  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0.03 
1.6 1 1 0 1 4 6 0 3 3 1 0 3 0 0 3 1 0.29 
3.2 2 1 0 1 6 8 0 1 4 0 2 5 1 1 0 4 0.39 
4.8 1 0 0 0 0 1 0 2 6 0 1 2 0 0 6 0 0.21 
6.4 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 2 0.04 
8 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0.01 
9.7 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.01 
11.3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0.01 
Freq 0.04 0.02 0.00 0.02 0.11 0.16 0.00 0.07 0.16 0.01 0.04 0.14 0.01 0.01 0.11 0.09  
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A.8 7Jambore 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 188 183 317 117 98 130 88 166 297 429 1500 272 25 9 14 93 0.63 
1.6 3 30 321 48 100 121 33 69 83 15 957 121 0 1 2 1 0.31 
3.2 0 1 39 5 8 9 6 25 38 2 136 24 0 0 0 0 0.05 
4.8 0 0 0 0 0 0 0 7 16 0 24 4 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 4 7 0 10 2 0 0 0 0 0.00 
8 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0.00 
Freq 0.03 0.03 0.11 0.03 0.03 0.04 0.02 0.04 0.07 0.07 0.42 0.07 0.00 0.00 0.00 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 0 0 0 0 2 1 7 26 0 0 0 0 0 0.42 
1.6 0 0 0 1 0 0 0 1 0 0 43 4 0 0 0 0 0.56 
3.2 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0.02 
Freq 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.03 0.01 0.08 0.81 0.05 0.00 0.00 0.00 0.00  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 5 5 0 1 4 1 1 0 5 8 1 0 0 0 0 0.36 
1.6 0 0 20 0 2 8 0 3 2 2 9 0 0 0 0 0 0.51 
3.2 0 0 3 1 0 0 0 0 1 0 1 2 0 0 0 0 0.09 
4.8 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0.02 
6.4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0.02 
Freq 0.01 0.06 0.31 0.01 0.03 0.13 0.01 0.06 0.06 0.08 0.21 0.03 0.00 0.00 0.00 0.00  
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A.9 8Everton 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 102 122 167 216 436 329 362 201 214 223 261 235 210 168 160 71 0.64 
1.6 29 25 37 138 269 97 35 22 83 76 146 132 245 138 135 55 0.31 
3.2 4 1 0 6 12 2 0 1 7 12 30 29 44 27 43 15 0.04 
4.8 0 0 0 0 0 0 0 0 0 5 14 10 6 2 9 5 0.01 
6.4 0 0 0 0 0 0 0 0 0 1 7 1 3 0 2 3 0.00 
8 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0.00 
Freq 0.02 0.03 0.04 0.07 0.13 0.08 0.07 0.04 0.06 0.06 0.08 0.07 0.09 0.06 0.06 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 2 2 3 2 6 4 10 7 3 2 7 4 4 2 5 4 0.77 
1.6 1 1 0 1 0 1 0 0 0 0 1 0 4 5 2 2 0.21 
3.2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0.02 
Freq 0.03 0.03 0.03 0.03 0.07 0.06 0.11 0.08 0.03 0.02 0.09 0.06 0.09 0.08 0.08 0.08  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 2 3 1 4 7 2 3 2 0 1 3 1 1 0 0.34 
1.6 1 2 2 5 9 2 1 1 3 2 3 1 5 5 1 2 0.49 
3.2 0 0 0 0 0 0 0 0 0 0 2 3 7 0 3 0 0.16 
Freq 0.01 0.03 0.04 0.09 0.11 0.07 0.09 0.03 0.07 0.04 0.05 0.05 0.16 0.07 0.05 0.02  
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A.10 9Chelmer 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 3 3 31 28 79 132 79 70 58 79 176 234 44 7 3 0.65 
1.6 0 0 1 2 11 115 88 10 0 0 4 55 156 5 0 0 0.28 
3.2 0 0 0 0 1 14 3 0 0 0 0 7 17 0 0 0 0.03 
4.8 0 0 0 0 0 0 0 0 0 0 0 9 20 0 0 0 0.02 
6.4 0 0 0 0 0 0 0 0 0 0 0 6 16 0 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 0 2 4 0 0 0 0.00 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.00 
Freq 0.00 0.00 0.00 0.02 0.03 0.13 0.14 0.06 0.04 0.04 0.05 0.16 0.28 0.03 0.00 0.00  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 1 0 0 0 1 2 5 7 1 0 0 0.61 
1.6 0 0 0 0 0 0 0 0 0 0 0 1 8 0 0 0 0.32 
3.2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.04 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.04 
Freq 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.04 0.07 0.21 0.61 0.04 0.00 0.00  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 0 0 1 4 1 0 0 1 3 3 0 0 0 0.52 
1.6 0 0 0 0 0 3 4 2 0 0 0 0 1 0 0 0 0.37 
3.2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0.04 
4.8 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0.07 
Freq 0.00 0.04 0.00 0.00 0.00 0.15 0.33 0.11 0.00 0.00 0.04 0.15 0.19 0.00 0.00 0.00  
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A.11 10Forest 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 49 107 181 190 249 266 306 325 416 171 131 177 254 161 81 60 0.49 
1.6 103 129 69 26 128 159 133 116 345 126 109 159 254 265 113 42 0.36 
3.2 46 35 19 1 13 31 33 142 41 28 50 105 72 27 10  0.10 
4.8 14 6 2 0 1 2 2 5 56 7 10 22 35 19 0 0 0.03 
6.4 0 0 0 0 0 0 0 1 17 2 5 10 18 12 0 0 0.01 
8 0 0 0 0 0 0 0 0 2 1 0 5 5 0 0 0 0.00 
Freq 0.03 0.04 0.04 0.03 0.06 0.07 0.08 0.09 0.14 0.05 0.05 0.08 0.10 0.08 0.03 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 2 0 1 2 0 7 1 1 2 4 4 1 1 0.29 
1.6 0 1 0 0 0 1 1 4 5 4 5 5 9 15 1 0 0.55 
3.2 0 0 0 0 0 0 0 0 4 1 0 3 2 2 0 0 0.13 
4.8 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0.02 
Freq 0.00 0.02 0.00 0.02 0.00 0.02 0.03 0.04 0.18 0.07 0.07 0.11 0.16 0.24 0.02 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 1 4 5 2 3 4 2 1 0 0 0 0 0 0 0.24 
1.6 3 1 0 1 4 8 1 5 4 1 1 3 2 1 2 3 0.43 
3.2 3 1 0 1 0 2 0 0 4 3 0 1 1 2 1 0 0.20 
4.8 0 1 1 0 0 0 0 0 3 0 1 0 3 0 0 0 0.10 
6.4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0.01 
8 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0.02 
Freq 0.06 0.03 0.02 0.06 0.10 0.13 0.04 0.12 0.14 0.05 0.02 0.04 0.08 0.03 0.03 0.03  
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A.12 11Petrie 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 70 58 139 396 1232 200 240 315 493 771 503 213 109 55 69 155 0.79 
1.6 16 1 18 121 386 4 1 2 27 177 254 18 1 5 66 55 0.18 
3.2 0 0 0 2 8 0 0 0 1 17 94 4 1 1 19 0 0.02 
4.8 0 0 0 0 0 0 0 0 1 40 6 2 0 2 0  0.01 
6.4 0 0 0 0 0 0 0 0 1 13 2 0 0 0 0 0 0.00 
8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.00 
9.7 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.00 
Freq 0.01 0.01 0.02 0.08 0.25 0.03 0.04 0.05 0.08 0.16 0.13 0.04 0.02 0.01 0.02 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 1 0 7 5 6 3 7 15 8 6 0 0 0 1 0.77 
1.6 0 0 0 0 0 0 0 0 0 5 7 2 0 0 2 0 0.21 
3.2 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0.03 
Freq 0.01 0.00 0.01 0.00 0.09 0.06 0.08 0.04 0.09 0.26 0.22 0.10 0.00 0.00 0.03 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 3 9 19 1 1 0 1 3 2 0 0 0 0 2 0.50 
1.6 1 0 0 7 18 0 0 0 0 2 9 0 0 0 1 1 0.45 
3.2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.01 
4.8 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0.02 
Freq 0.01 0.01 0.04 0.19 0.45 0.01 0.01 0.00 0.01 0.06 0.15 0.00 0.00 0.00 0.01 0.04  
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A.13 12 Kenmore 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 39 60 61 73 81 132 129 224 336 220 196 225 275 314 69 43 0.54 
1.6 32 51 93 35 112 101 38 99 352 139 46 132 337 139 54 43 0.38 
3.2 3 6 5 7 14 41 9 20 33 45 5 10 76 32 8 9 0.07 
4.8 0 0 0 0 1 1 0 1 0 2 0 1 10 4 0 0 0.00 
Freq 0.02 0.03 0.03 0.02 0.04 0.06 0.04 0.07 0.16 0.09 0.05 0.08 0.15 0.11 0.03 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 3 2 2 2 6 7 1 5 4 8 7 10 11 3 3 3 0.91 
1.6 0 0 0 0 2 0 0 0 1 0 1 0 3 1 0 0 0.09 
Freq 0.04 0.02 0.02 0.02 0.09 0.08 0.01 0.06 0.06 0.09 0.09 0.12 0.16 0.05 0.04 0.04  
 
  
  97 
2. Final Report - Ventilation Data Analysis.doc   
   
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 2 0 0 5 0 0 8 0 3 2 0 3 2 1 2 0.31 
1.6 0 0 2 1 0 3 1 3 12 1 2 0 6 4 2 3 0.44 
3.2 0 0 0 3 0 2 0 4 3 4 1 0 3 1 0 0 0.23 
4.8 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.01 
Freq 0.00 0.02 0.02 0.04 0.07 0.06 0.01 0.17 0.17 0.09 0.06 0.00 0.13 0.08 0.03 0.06  
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Appendix B - Spring wind roses and associated data 
B.1 Brisbane 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 309 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.07 
2 20 11 2 4 9 5 4 10 14 17 21 9 4 4 3 2 0.03 
4 35 14 11 8 15 8 12 9 25 28 36 35 9 4 7 11 0.06 
5 58 33 37 10 25 11 19 24 53 55 95 55 20 10 10 20 0.12 
8 94 47 47 19 39 34 29 18 40 58 87 66 21 4 8 36 0.15 
9 97 60 52 24 49 21 31 23 31 29 51 30 10 3 14 33 0.13 
11 77 79 64 49 42 35 41 34 17 12 11 9 15 0 2 9 0.11 
13 31 111 80 64 50 40 41 16 10 3 6 15 8 1 2 6 0.11 
15 9 71 74 72 79 26 25 14 6 0 2 5 3 0 1 8 0.09 
17 2 33 39 45 61 24 21 7 2 0 4 4 4 0 0 1 0.06 
18 1 10 8 15 46 22 29 6 1 0 2 0 4 0 0 0 0.03 
21 0 4 2 3 9 12 17 3 0 0 0 5 5 0 0 0 0.01 
22 0 0 0 0 4 6 16 4 0 1 0 1 5 0 0 0 0.01 
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24 0 0 0 0 1 1 11 3 0 0 0 2 6 0 0 0 0.01 
26 0 0 0 0 0 0 0 1 0 0 0 4 5 0 0 0 0 
28 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
31 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 
Freq 0.17 0.11 0.1 0.07 0.1 0.06 0.07 0.04 0.05 0.05 0.07 0.06 0.03 0.01 0.01 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.01 
5 0 2 2 0 0 1 1 1 0 0 1 1 3 1 0 0 0.14 
8 2 2 3 2 0 0 1 0 2 1 1 2 2 0 0 2 0.22 
9 0 3 0 1 0 0 1 2 0 1 4 1 0 0 0 1 0.15 
11 5 2 1 0 0 1 1 2 0 0 0 0 0 0 0 2 0.15 
13 2 0 0 1 1 2 2 2 2 1 0 0 0 0 0 0 0.14 
15 0 0 0 1 1 0 0 1 0 0 0 0 0 0 1 0 0.04 
17 0 0 0 0 3 1 1 0 0 0 0 1 0 0 0 0 0.07 
18 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0.02 
21 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0.01 
22 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
24 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0.02 
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.1 0.1 0.07 0.05 0.08 0.07 0.1 0.09 0.04 0.03 0.07 0.05 0.08 0.01 0.01 0.05  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0.03 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 0 2 1 3 1 1 0 0 0 0 0 1 0 0 0 0 0.1 
13 0 7 3 4 1 0 0 0 0 0 0 1 0 0 0 0 0.18 
15 0 8 9 5 2 1 0 0 0 0 0 0 0 0 0 0 0.27 
17 0 4 4 5 4 3 0 0 0 0 0 0 0 0 0 0 0.22 
18 0 0 0 0 4 0 1 1 0 0 0 0 0 0 0 0 0.07 
21 0 1 0 0 2 0 2 0 0 0 0 1 0 0 0 0 0.07 
22 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0.03 
24 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0.03 
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.24 0.19 0.19 0.19 0.05 0.04 0.02 0 0.02 0 0.03 0.01 0.01 0 0 0.24  
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B.2 1Coopers 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 370 166 398 445 133 385 249 41 17 42 211 62 76 112 70 279 0.47 
1.6 414 54 339 568 10 201 228 0 0 6 158 12 84 137 36 315 0.4 
3.2 173 12 70 99 0 19 36 0 0 2 44 0 21 47 5 116 0.1 
4.8 12 0 6 15 0 0 0 0 0 1 11 0 1 11 0 11 0.01 
6.4 2 0 0 1 0 0 0 0 0 0 14 0 4 2 0 0 0 
8 0 0 0 0 0 0 0 0 0 1 14 0 6 7 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 12 0 2 10 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 5 0 3 18 0 0 0 
12.9 0 0 0 0 0 0 0 0 0 0 4 0 0 4 0 0 0 
Freq 0.15 0.04 0.13 0.18 0.02 0.09 0.08 0.01 0 0.01 0.07 0.01 0.03 0.05 0.02 0.11  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 6 3 6 2 2 3 3 0 0 2 4 0 3 2 1 5 0.47 
1.6 9 0 5 2 0 0 2 0 0 0 5 0 8 3 1 5 0.44 
3.2 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0.06 
4.8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0.01 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.19 0.03 0.12 0.04 0.02 0.03 0.06 0 0 0.02 0.13 0 0.13 0.07 0.02 0.12  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 2 4 0 2 0 0 0 0 2 0 0 0 0 0 0.11 
1.6 2 0 15 21 0 8 3 0 0 0 0 0 0 1 1 4 0.62 
3.2 4 0 3 8 0 0 1 0 0 0 0 0 0 0 0 3 0.21 
4.8 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0.02 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0.03 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.07 0 0.22 0.38 0 0.11 0.04 0 0 0.01 0.03 0 0 0.03 0.01 0.08  
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B.3 2Dutton 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 281 762 477 150 256 393 183 55 47 32 27 27 43 315 323 122 0.63 
1.6 202 587 110 4 52 432 278 45 35 18 7 1 1 32 57 11 0.34 
3.2 1 9 1 0 0 29 59 11 13 2 0 0 0 4 40 6 0.03 
4.8 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 0 0 
Freq 0.09 0.24 0.11 0.03 0.06 0.15 0.09 0.02 0.02 0.01 0.01 0.01 0.01 0.06 0.08 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 2 8 5 2 4 7 1 2 0 0 1 1 1 7 6 2 0.73 
1.6 0 1 0 0 1 7 3 2 0 1 0 0 0 0 1 0 0.24 
3.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.01 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.01 
Freq 0.03 0.13 0.07 0.03 0.07 0.21 0.06 0.06 0 0.01 0.01 0.01 0.01 0.1 0.13 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 2 9 2 0 0 3 1 0 0 0 0 0 0 2 1 0 0.26 
1.6 9 23 3 0 0 7 6 1 0 0 0 0 0 0 0 1 0.65 
3.2 0 0 0 0 0 2 2 1 1 0 0 0 0 0 1 0 0.09 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.14 0.42 0.06 0 0 0.16 0.12 0.03 0.01 0 0 0 0 0.03 0.03 0.01  
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B.4 3Taringa 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 51 46 79 156 244 389 272 212 181 240 418 165 75 38 36 46 0.41 
1.6 40 47 121 165 286 419 444 156 136 154 464 189 57 43 66 34 0.44 
3.2 6 9 19 53 89 140 168 52 21 29 116 38 12 5 5 5 0.12 
4.8 0 0 0 1 0 2 1 0 1 8 49 12 1 0 1 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 5 17 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 4 20 5 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 19 4 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 10 6 0 0 0 0 0 
12.9 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
14.5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Freq 0.02 0.02 0.03 0.06 0.1 0.15 0.14 0.07 0.05 0.07 0.17 0.07 0.02 0.01 0.02 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 1 2 1 2 1 2 6 4 8 2 1 0 1 1 0.4 
1.6 1 1 0 4 4 4 4 4 0 4 10 4 1 1 0 1 0.54 
3.2 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0.03 
4.8 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0.01 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.01 0.01 0.08 0.08 0.08 0.06 0.08 0.08 0.11 0.25 0.09 0.03 0.01 0.01 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 2 2 0 0 0 0 1 0 0 0 0 0.06 
1.6 0 2 3 7 5 7 12 1 4 1 4 4 0 1 0 0 0.65 
3.2 0 0 0 2 5 5 3 4 0 0 1 0 0 0 0 0 0.25 
4.8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
11.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.03 0.04 0.11 0.13 0.18 0.22 0.06 0.05 0.01 0.1 0.06 0 0.01 0 0  
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B.5 4Newfarm 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 23 24 49 78 210 393 469 412 251 127 193 357 306 231 87 35 0.67 
1.6 1 0 3 4 53 237 365 230 39 6 7 65 97 125 30 5 0.26 
3.2 0 0 0 1 14 53 106 14 0 0 0 4 11 29 5 1 0.05 
4.8 0 0 0 0 2 22 39 3 0 0 0 2 2 6 2 0 0.02 
6.4 0 0 0 0 0 2 3 0 0 0 0 0 4 8 4 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 5 8 6 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 0 
Freq 0 0 0.01 0.02 0.06 0.15 0.2 0.14 0.06 0.03 0.04 0.09 0.09 0.08 0.03 0.01  
 
  
  112 
2. Final Report - Ventilation Data Analysis.doc   
   
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 1 1 5 4 3 1 1 3 5 3 2 2 0 0.5 
1.6 0 0 0 0 2 7 4 2 0 0 0 2 6 1 0 0 0.39 
3.2 0 0 0 0 0 1 2 0 0 0 0 0 1 0 1 0 0.08 
4.8 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0.02 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.02 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0 0.02 0.05 0.23 0.16 0.08 0.02 0.02 0.05 0.11 0.16 0.05 0.06 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 0 1 2 6 11 7 2 0 0 0 2 1 0 0.52 
1.6 0 0 0 0 0 2 9 9 0 0 0 0 0 1 0 1 0.35 
3.2 0 0 0 0 1 1 5 0 0 0 0 0 0 0 0 0 0.11 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.02 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.02 0 0 0 0.03 0.08 0.32 0.32 0.11 0.03 0 0 0 0.05 0.03 0.02  
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B.6 5Morning 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 351 674 340 121 64 139 616 270 168 178 127 50 23 57 121 168 0.47 
1.6 492 1169 424 14 4 29 668 101 30 93 17 0 0 3 25 104 0.43 
3.2 59 247 69 0 0 8 207 12 18 32 1 0 0 0 0 12 0.09 
4.8 0 5 2 0 0 0 13 2 20 21 0 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
Freq 0.12 0.28 0.11 0.02 0.01 0.02 0.2 0.05 0.03 0.04 0.02 0.01 0 0.01 0.02 0.04  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 2 7 3 1 0 1 9 2 3 3 2 1 0 2 3 0 0.43 
1.6 1 15 3 0 0 0 17 3 1 2 0 0 0 1 0 2 0.49 
3.2 0 2 1 0 0 0 2 1 0 0 0 0 0 0 0 0 0.07 
4.8 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.03 0.26 0.08 0.01 0 0.01 0.31 0.07 0.05 0.05 0.02 0.01 0 0.03 0.03 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 2 0.07 
1.6 19 21 6 0 0 2 7 0 0 0 0 0 0 0 0 4 0.65 
3.2 2 10 5 0 0 0 7 0 1 0 0 0 0 0 0 0 0.27 
4.8 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.23 0.35 0.12 0 0 0.02 0.16 0 0.01 0.02 0.01 0 0 0 0 0.07  
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B.7 6Sinnamon 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 139 81 103 90 131 139 133 123 256 56 74 82 67 41 137 168 0.25 
1.6 124 37 29 54 161 200 64 90 225 27 76 109 34 50 167 198 0.23 
3.2 128 39 36 45 250 285 33 50 90 5 30 72 20 38 293 292 0.23 
4.8 141 34 12 12 169 176 14 18 54 3 9 40 8 13 296 345 0.19 
6.4 44 5 1 1 30 83 5 11 16 0 6 20 2 2 123 174 0.07 
8 6 0 0 0 3 16 0 3 12 0 8 11 4 1 28 31 0.02 
9.7 0 0 0 0 0 1 0 1 3 0 5 22 7 0 8 5 0.01 
11.3 0 0 0 0 0 0 0 0 1 0 4 21 6 1 0 0 0 
12.9 0 0 0 0 0 0 0 0 0 0 1 9 1 0 0 0 0 
14.5 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 
Freq 0.08 0.03 0.02 0.03 0.1 0.12 0.03 0.04 0.09 0.01 0.03 0.05 0.02 0.02 0.14 0.17  
 
  
  118 
2. Final Report - Ventilation Data Analysis.doc   
   
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0.06 
1.6 3 1 0 0 4 8 1 3 3 2 3 5 3 3 4 0 0.48 
3.2 0 0 0 0 5 8 0 3 4 0 0 3 0 1 2 2 0.31 
4.8 0 0 0 0 0 3 0 1 1 0 0 1 0 0 3 0 0.1 
6.4 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0.03 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0.02 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 1 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0.06 
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1.6 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 0.04 
3.2 0 1 1 0 5 5 0 1 0 0 1 0 0 0 1 1 0.18 
4.8 7 2 0 0 6 7 0 0 2 0 0 0 1 0 9 6 0.44 
6.4 2 1 0 0 1 4 0 0 0 0 1 0 0 0 6 8 0.26 
8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0.04 
9.7 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0.01 
11.3 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0.02 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.11 0.04 0.01 0 0.13 0.18 0 0.01 0.03 0 0.03 0.02 0.01 0 0.21 0.2  
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B.8 7Jambore 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 316 234 442 328 132 198 113 136 148 190 612 118 19 21 39 247 0.48 
1.6 31 26 963 560 232 171 36 44 56 8 340 50 2 0 2 25 0.37 
3.2 0 0 357 255 139 30 14 10 19 2 55 13 0 0 0 0 0.13 
4.8 0 0 12 36 26 0 1 2 7 1 36 9 0 0 0 0 0.02 
6.4 0 0 0 1 3 0 0 2 0 0 36 2 0 0 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 9 3 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 
Freq 0.05 0.04 0.26 0.17 0.08 0.06 0.02 0.03 0.03 0.03 0.16 0.03 0 0 0.01 0.04  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 2 2 4 1 1 0 3 3 4 8 3 1 1 0 3 0.41 
1.6 1 0 7 3 10 5 1 2 0 0 14 3 0 0 0 0 0.51 
3.2 0 0 0 1 0 2 0 0 0 0 2 0 0 0 0 0 0.05 
4.8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0.02 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.02 0.02 0.1 0.09 0.12 0.09 0.01 0.07 0.03 0.04 0.29 0.07 0.01 0.01 0 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 2 1 0 0 0 0 0 0 0 2 0 0 0 0 2 0.08 
1.6 0 1 20 12 3 1 1 0 0 0 1 0 0 0 0 0 0.43 
3.2 0 0 25 10 5 0 0 0 0 0 0 0 0 0 0 0 0.44 
4.8 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0.02 
6.4 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0.02 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.03 0.51 0.26 0.09 0.01 0.01 0 0 0 0.07 0 0 0 0 0.02  
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B.9 8Everton 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 57 41 74 220 374 241 166 156 174 145 91 62 175 299 267 91 0.44 
1.6 36 57 63 178 484 140 49 27 86 62 66 66 378 280 301 69 0.39 
3.2 22 33 20 27 107 17 9 3 14 18 34 37 332 118 164 30 0.16 
4.8 2 0 0 0 0 0 0 0 1 0 3 1 6 9 13 1 0.01 
6.4 0 0 0 0 0 0 0 0 1 0 3 4 1 3 4 0 0 
8 0 0 0 0 0 0 0 0 0 2 6 5 6 1 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 1 5 3 2 0 1 0 0 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Freq 0.02 0.02 0.03 0.07 0.16 0.07 0.04 0.03 0.05 0.04 0.03 0.03 0.15 0.12 0.12 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 2 5 3 2 2 1 2 2 0 1 0 2 0 0.27 
1.6 0 0 0 4 12 4 2 1 1 0 1 1 5 5 10 3 0.58 
3.2 0 0 0 0 1 0 0 0 0 1 0 0 1 1 7 0 0.13 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0 0 0.07 0.21 0.08 0.05 0.04 0.02 0.04 0.05 0.01 0.08 0.07 0.23 0.04  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 2 1 0 0 0 0 0 1 0 0 0.05 
1.6 0 0 4 4 4 6 0 1 2 0 3 2 7 8 2 0 0.51 
3.2 0 1 0 3 5 0 0 0 0 2 1 1 14 5 2 1 0.42 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.01 0.05 0.08 0.11 0.07 0.02 0.02 0.02 0.02 0.05 0.04 0.26 0.18 0.05 0.01  
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B.10 9Chelmer 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 49 39 52 264 285 181 275 533 240 222 278 449 449 99 19 24 0.53 
1.6 6 8 61 638 313 98 392 581 40 14 34 90 211 38 3 2 0.39 
3.2 0 0 0 10 1 49 151 64 0 0 0 19 55 6 0 0 0.05 
4.8 0 0 0 0 0 28 26 2 0 0 0 4 26 1 0 0 0.01 
6.4 0 0 0 0 0 14 1 0 0 0 0 8 48 2 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 0 1 15 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 
Freq 0.01 0.01 0.02 0.14 0.09 0.06 0.13 0.18 0.04 0.04 0.05 0.09 0.12 0.02 0 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 3 8 4 4 4 2 2 1 9 9 4 3 0 0.59 
1.6 1 0 0 3 0 4 7 13 0 0 0 2 2 0 0 0 0.35 
3.2 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0.03 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0.02 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.01 0 0.07 0.09 0.09 0.14 0.19 0.02 0.02 0.01 0.13 0.14 0.04 0.03 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 3 3 1 1 2 0 2 1 1 1 0 0 0 0.17 
1.6 0 0 2 25 12 1 9 11 3 0 0 3 1 0 0 0 0.74 
3.2 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0.02 
4.8 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0.04 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0.02 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0.02 0.31 0.17 0.07 0.12 0.14 0.03 0.02 0.01 0.04 0.04 0.01 0 0  
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B.11 10Forest 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 38 205 260 337 492 278 278 174 197 58 26 44 39 15 54 35 0.35 
1.6 223 302 343 178 413 336 151 103 193 66 28 36 85 111 80 71 0.38 
3.2 272 221 198 48 126 146 63 35 83 14 15 27 53 40 25 49 0.2 
4.8 144 82 43 9 13 24 17 6 28 4 6 11 12 6 1 6 0.06 
6.4 21 9 0 0 0 0 1 0 0 0 4 6 10 3 0 4 0.01 
8 0 0 0 0 0 0 0 0 2 2 14 8 15 3 0 0 0.01 
9.7 0 0 0 0 0 0 0 0 0 0 8 3 21 4 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 0 2 6 0 0 0 0 
Freq 0.1 0.11 0.12 0.08 0.14 0.11 0.07 0.04 0.07 0.02 0.01 0.02 0.03 0.03 0.02 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 1 1 1 1 2 0 0 1 0 1 0 1 0 0 0.1 
1.6 7 6 4 1 4 7 8 1 8 0 1 2 5 3 6 2 0.71 
3.2 2 0 0 0 1 0 1 1 3 0 0 0 2 3 1 1 0.16 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.01 
11.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.1 0.07 0.05 0.02 0.07 0.09 0.12 0.02 0.12 0.01 0.02 0.03 0.09 0.08 0.08 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 1 0 3 0 0 0 0 1 0 0 0 0 0 1 0.08 
1.6 2 2 4 5 7 3 1 0 0 0 0 0 1 1 1 0 0.3 
3.2 13 3 4 3 4 5 3 1 0 1 0 0 0 0 0 0 0.41 
4.8 7 2 3 0 2 0 0 0 0 0 0 0 0 0 0 0 0.15 
6.4 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0.04 
8 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0.02 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.27 0.08 0.13 0.09 0.18 0.09 0.04 0.01 0 0.02 0.01 0.01 0.02 0.01 0.01 0.02  
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B.12 11Petrie 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 408 85 133 452 592 115 139 109 213 251 183 90 74 46 68 316 0.53 
1.6 232 94 156 527 795 16 3 1 17 60 51 6 7 11 53 273 0.37 
3.2 37 11 32 113 133 0 0 0 2 21 55 7 2 1 21 68 0.08 
4.8 3 1 0 5 0 0 0 0 1 6 17 2 4 1 4 13 0.01 
6.4 1 0 0 0 0 0 0 0 0 4 18 5 13 0 3 4 0.01 
8 0 0 0 0 0 0 0 0 0 0 7 3 3 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
Freq 0.11 0.03 0.05 0.18 0.25 0.02 0.02 0.02 0.04 0.06 0.05 0.02 0.02 0.01 0.02 0.11  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 2 1 0 6 5 5 1 2 4 2 3 1 1 1 2 2 0.46 
1.6 4 0 1 3 12 0 0 0 0 2 0 1 1 0 2 12 0.46 
3.2 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 0.06 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0.02 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.08 0.01 0.01 0.11 0.2 0.06 0.01 0.02 0.05 0.05 0.06 0.02 0.04 0.01 0.05 0.2  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 1 1 3 1 0 0 2 0 1 0 0 0 0 0 0.11 
1.6 2 3 10 18 17 0 0 0 0 0 0 0 0 0 0 1 0.61 
3.2 0 2 2 9 5 0 0 0 0 0 0 0 0 0 1 2 0.25 
4.8 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.01 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.02 0.06 0.16 0.34 0.3 0.01 0 0 0.02 0.01 0.02 0 0 0 0.01 0.04  
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B.13 12Kenmore 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 32 50 41 43 67 116 103 149 228 133 111 88 240 328 171 51 0.32 
1.6 28 67 147 61 72 117 60 118 280 150 50 82 419 282 85 47 0.34 
3.2 8 29 64 41 48 164 49 54 156 152 22 32 360 144 51 36 0.23 
4.8 2 9 19 10 21 114 18 11 34 67 9 6 160 49 17 6 0.09 
6.4 0 1 0 0 0 9 1 2 2 2 1 0 18 5 3 0 0.01 
Freq 0.01 0.03 0.05 0.03 0.03 0.09 0.04 0.06 0.12 0.08 0.03 0.03 0.2 0.13 0.05 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 2 0 0 1 1 0 3 0 1 3 7 1 2 0 0.27 
1.6 0 3 7 3 2 1 0 2 5 2 2 2 8 5 0 1 0.53 
3.2 0 1 2 0 0 0 0 2 0 1 0 0 7 0 1 0 0.17 
4.8 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0.02 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.06 0.14 0.04 0.02 0.02 0.01 0.05 0.1 0.05 0.04 0.06 0.27 0.07 0.04 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 2 0 0.06 
1.6 1 1 0 0 0 0 0 1 2 2 1 1 2 1 0 0 0.15 
3.2 0 0 1 0 1 6 3 1 2 1 1 0 8 6 2 2 0.41 
4.8 1 1 0 1 2 5 1 0 4 1 0 0 10 0 2 0 0.34 
6.4 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0.04 
Freq 0.02 0.02 0.01 0.01 0.05 0.16 0.05 0.02 0.11 0.05 0.02 0.01 0.27 0.09 0.07 0.02  
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C.1 Brisbane 
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 270 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 
2 9 4 1 4 15 13 27 27 24 22 28 11 6 2 5 4 0.05 
4 16 6 5 3 14 22 26 28 35 41 36 21 3 4 3 14 0.06 
5 31 21 22 16 53 43 43 59 65 65 69 46 11 5 6 20 0.13 
8 44 27 24 14 57 43 46 36 48 69 56 47 15 7 8 34 0.13 
9 60 43 45 34 75 39 41 31 22 13 13 8 3 4 9 22 0.11 
11 41 52 52 47 84 33 49 18 4 0 2 5 0 0 0 8 0.09 
13 13 58 88 86 95 50 27 11 1 0 1 2 3 0 1 3 0.1 
15 1 68 74 110 129 29 21 9 0 0 0 0 0 0 0 0 0.1 
17 3 21 38 66 148 45 18 2 0 0 0 0 0 0 0 0 0.08 
18 0 17 6 26 104 27 17 1 0 0 0 0 0 0 0 0 0.05 
21 1 1 1 5 57 24 11 3 0 0 0 0 0 0 0 0 0.02 
22 0 0 0 0 20 8 4 0 0 0 0 0 0 0 0 0 0.01 
24 0 0 0 0 3 1 2 0 0 0 0 0 0 0 0 0 0 
Freq 0.11 0.07 0.08 0.09 0.2 0.09 0.08 0.05 0.05 0.05 0.05 0.03 0.01 0.01 0.01 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0.02 
4 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0.04 
5 1 0 2 1 2 1 0 0 2 0 0 0 0 0 0 1 0.11 
8 0 1 0 2 2 0 1 2 2 3 0 1 1 0 0 1 0.18 
9 2 0 1 1 4 1 1 1 0 0 0 1 0 1 1 0 0.16 
11 2 1 0 1 1 3 1 2 0 0 0 0 0 0 0 3 0.16 
13 0 0 1 2 2 4 2 1 1 0 0 0 0 0 1 0 0.16 
15 0 0 0 0 3 2 1 0 0 0 0 0 0 0 0 0 0.07 
17 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0.03 
18 0 0 0 0 3 2 1 0 0 0 0 0 0 0 0 0 0.07 
21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0.01 
24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.06 0.02 0.04 0.08 0.23 0.16 0.09 0.07 0.06 0.06 0 0.02 0.01 0.02 0.03 0.06  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0.02 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0.04 
11 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0.01 
13 0 2 2 8 1 0 0 0 0 0 0 0 0 0 0 0 0.14 
15 0 7 6 4 1 0 0 1 0 0 0 0 0 0 0 0 0.21 
17 0 1 5 5 10 2 0 0 0 0 0 0 0 0 0 0 0.26 
18 0 2 0 2 8 2 1 0 0 0 0 0 0 0 0 0 0.17 
21 0 0 0 0 7 2 1 0 0 0 0 0 0 0 0 0 0.11 
22 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0.02 
24 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.01 
Freq 0.01 0.13 0.14 0.22 0.33 0.1 0.03 0.01 0 0 0 0.01 0 0 0 0  
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C.2 1Coopers 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 242 113 520 316 266 1050 256 28 25 29 193 36 96 39 76 485 0.64 
1.6 127 32 484 110 6 406 118 0 0 1 34 0 52 9 8 549 0.33 
3.2 8 2 22 6 0 28 1 0 0 0 3 0 3 0 1 82 0.03 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
6.4 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
Freq 0.06 0.03 0.17 0.07 0.05 0.25 0.06 0 0 0.01 0.04 0.01 0.03 0.01 0.01 0.19  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 4 1 5 4 3 21 4 0 0 0 10 1 2 0 6 6 0.78 
1.6 0 0 0 0 0 5 0 0 0 0 2 0 4 0 0 8 0.22 
3.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.05 0.01 0.06 0.05 0.03 0.3 0.05 0 0 0 0.14 0.01 0.07 0 0.07 0.16  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 5 4 0 9 0 0 0 0 1 0 0 0 1 2 0.26 
1.6 1 0 22 6 0 14 9 0 0 0 0 0 0 0 0 7 0.66 
3.2 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 6 0.09 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.01 0.31 0.11 0 0.27 0.1 0 0 0 0.01 0 0 0 0.01 0.17  
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C.3 2Dutton 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 134 592 665 209 155 422 434 226 90 37 28 24 18 107 222 43 0.77 
1.6 23 335 111 4 8 78 245 106 50 6 0 0 0 1 0 0 0.22 
3.2 0 0 0 0 0 8 25 13 8 1 0 0 0 0 0 0 0.01 
Freq 0.04 0.21 0.18 0.05 0.04 0.11 0.16 0.08 0.03 0.01 0.01 0.01 0 0.02 0.05 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 3 5 4 2 2 4 2 2 1 2 1 0 0 3 3 2 0.78 
1.6 0 0 0 0 0 2 3 1 2 1 0 0 0 0 0 0 0.2 
3.2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0.02 
Freq 0.07 0.11 0.09 0.04 0.04 0.13 0.13 0.07 0.07 0.07 0.02 0 0 0.07 0.07 0.04  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 12 5 1 0 1 4 4 0 0 0 0 0 0 0 0 0.4 
1.6 1 16 6 0 0 3 11 1 1 0 0 0 0 0 0 0 0.57 
3.2 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0.03 
Freq 0.01 0.41 0.16 0.01 0 0.06 0.24 0.07 0.03 0 0 0 0 0 0 0  
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C.4 4Newfarm 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 57 63 105 122 268 699 1033 766 310 168 267 434 298 248 152 72 0.77 
1.6 0 8 9 6 46 261 555 254 35 4 5 73 44 42 15 1 0.21 
3.2 0 0 0 0 0 32 117 14 0 0 0 3 8 1 2 0 0.03 
4.8 0 0 0 0 0 2 4 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.01 0.02 0.02 0.05 0.15 0.26 0.16 0.05 0.03 0.04 0.08 0.05 0.04 0.03 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 1 3 15 12 3 3 0 2 4 7 3 1 0 0.64 
1.6 0 0 0 0 0 6 8 4 0 0 0 4 4 1 0 0 0.32 
3.2 0 0 0 0 0 0 2 1 0 0 0 1 0 0 0 0 0.05 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0 0.01 0.04 0.25 0.26 0.09 0.04 0 0.02 0.11 0.13 0.05 0.01 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 1 0 3 18 7 4 8 2 2 1 2 1 2 0.59 
1.6 0 0 0 0 0 5 9 12 3 0 0 1 0 0 1 0 0.35 
3.2 0 0 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0.06 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.01 0 0.01 0 0.1 0.35 0.22 0.08 0.09 0.02 0.03 0.01 0.02 0.02 0.02  
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C.5 5Morning 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 400 750 441 209 155 236 888 282 95 71 22 12 6 21 77 191 0.53 
1.6 506 1044 344 13 1 35 642 147 14 6 2 0 0 0 13 130 0.4 
3.2 76 200 57 0 0 8 129 19 1 0 0 0 0 0 2 13 0.07 
4.8 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 
Freq 0.14 0.27 0.12 0.03 0.02 0.04 0.23 0.06 0.02 0.01 0 0 0 0 0.01 0.05  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 5 8 4 0 3 6 18 3 1 2 0 1 0 0 1 1 0.6 
1.6 4 8 6 0 0 0 10 1 0 1 0 0 0 0 0 0 0.34 
3.2 0 1 0 0 0 0 4 1 0 0 0 0 0 0 0 0 0.07 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.1 0.19 0.11 0 0.03 0.07 0.36 0.06 0.01 0.03 0 0.01 0 0 0.01 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 4 1 0 0 0 3 2 0 1 0 0 0 0 0 0 0.12 
1.6 8 20 7 0 0 2 16 3 0 0 0 0 0 0 1 2 0.66 
3.2 5 7 2 0 0 0 4 1 0 0 0 0 0 0 0 0 0.21 
4.8 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0.01 
Freq 0.14 0.34 0.11 0 0 0.03 0.26 0.07 0 0.01 0 0 0 0 0.01 0.02  
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C.6 6Sinnamon 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 52 12 35 52 91 75 119 123 134 38 44 35 17 13 50 27 0.28 
1.6 44 23 26 47 135 156 46 46 75 6 21 39 11 12 82 56 0.25 
3.2 51 23 11 43 186 200 24 5 25 1 0 20 2 7 111 99 0.24 
4.8 49 18 6 15 107 109 1 2 4 0 1 2 2 3 130 99 0.17 
6.4 24 2 1 0 18 23 1 1 1 0 0 0 0 0 66 70 0.06 
8 2 0 0 0 1 1 0 0 0 0 0 0 0 0 5 5 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
Freq 0.07 0.02 0.02 0.05 0.16 0.17 0.06 0.05 0.07 0.01 0.02 0.03 0.01 0.01 0.13 0.11  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 1 0 1 1 1 0 0 2 1 0 0 0 0.17 
1.6 0 1 1 1 2 6 1 1 2 0 0 0 1 1 4 1 0.54 
3.2 0 0 0 0 1 4 0 1 2 0 0 0 0 0 0 0 0.2 
4.8 0 0 0 0 2 1 0 0 0 0 0 0 0 0 1 0 0.1 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.02 0.02 0.02 0.15 0.27 0.05 0.07 0.12 0 0 0.05 0.05 0.02 0.12 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1.6 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0.1 
3.2 2 0 0 1 1 8 0 0 0 0 0 0 0 0 2 0 0.33 
4.8 1 0 0 0 5 4 0 0 0 0 0 0 0 0 4 5 0.45 
6.4 0 0 0 0 1 0 0 0 1 0 0 0 0 0 2 1 0.12 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.07 0 0 0.02 0.17 0.31 0 0 0.02 0 0.02 0 0.02 0 0.19 0.17  
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C.7 7Jambore 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 198 174 408 310 263 362 201 195 175 123 336 49 7 3 17 105 0.44 
1.6 13 16 819 638 250 161 29 23 23 4 76 6 0 0 0 14 0.31 
3.2 0 2 518 707 126 39 3 2 1 0 2 0 0 0 0 0 0.21 
4.8 0 0 47 147 37 2 0 0 1 0 0 0 0 0 0 0 0.04 
6.4 0 0 0 4 3 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.03 0.03 0.27 0.27 0.1 0.08 0.04 0.03 0.03 0.02 0.06 0.01 0 0 0 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 2 4 6 6 2 1 1 2 2 2 10 1 0 0 0 0 0.44 
1.6 0 0 3 9 11 10 0 1 1 0 4 0 0 0 0 0 0.44 
3.2 0 0 0 3 5 3 0 0 0 0 0 0 0 0 0 0 0.12 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.02 0.04 0.1 0.2 0.2 0.16 0.01 0.03 0.03 0.02 0.16 0.01 0 0 0 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 2 1 0 1 0 0 1 0 0 1 0 0 0 1 0.08 
1.6 0 1 11 8 0 0 0 0 0 0 0 0 0 0 0 0 0.23 
3.2 0 0 21 23 5 0 0 0 0 0 0 0 0 0 0 0 0.56 
4.8 0 0 4 5 3 0 0 0 0 0 0 0 0 0 0 0 0.14 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.01 0.43 0.42 0.09 0.01 0 0 0.01 0 0 0.01 0 0 0 0.01  
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C.8 8Everton 
 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 70 67 153 263 450 246 235 191 211 150 111 112 179 198 189 85 0.46 
1.6 77 102 94 255 547 137 64 37 128 102 88 76 353 242 262 91 0.42 
3.2 45 28 17 52 104 13 0 0 14 16 16 17 217 94 134 26 0.12 
4.8 0 0 0 0 1 0 0 0 0 0 0 0 7 3 9 0 0.00 
Freq 0.03 0.03 0.04 0.09 0.17 0.06 0.05 0.04 0.06 0.04 0.03 0.03 0.12 0.08 0.09 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 3 1 3 5 3 4 4 1 5 4 3 0 1 2 0 0 0.44 
1.6 0 1 2 4 11 2 2 1 6 1 0 1 4 2 6 1 0.49 
3.2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 5 0 0.07 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.03 0.02 0.06 0.1 0.16 0.07 0.07 0.02 0.12 0.06 0.03 0.01 0.07 0.04 0.12 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 2 2 0 0 1 1 1 0 0 0 0 0 0 0.08 
1.6 2 5 2 5 11 2 1 1 1 6 1 2 8 4 1 0 0.58 
3.2 0 1 2 1 4 2 0 0 0 1 0 1 9 6 0 2 0.33 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.01 
Freq 0.02 0.07 0.04 0.09 0.19 0.04 0.01 0.02 0.02 0.09 0.01 0.03 0.19 0.11 0.02 0.02  
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C.9 9Chelmer 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 20 16 78 243 208 171 225 608 450 245 300 386 292 111 18 9 0.55 
1.6 2 3 64 679 283 98 299 743 166 16 20 39 50 5 0 0 0.41 
3.2 0 0 0 14 1 30 124 66 0 0 0 1 3 0 0 0 0.04 
4.8 0 0 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0.02 0.15 0.08 0.05 0.11 0.23 0.1 0.04 0.05 0.07 0.06 0.02 0 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 2 5 3 6 10 5 2 1 13 8 3 0 0 0.68 
1.6 0 0 0 2 0 0 4 13 2 0 0 2 1 0 0 0 0.28 
3.2 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0.05 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0 0 0.05 0.06 0.03 0.14 0.29 0.08 0.02 0.01 0.17 0.1 0.03 0 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 0 2 1 0 1 1 5 0 3 1 0 0 0 0 0.17 
1.6 0 0 1 20 14 4 6 10 5 1 1 1 0 0 0 0 0.72 
3.2 0 0 0 1 0 0 5 4 0 0 0 0 0 0 0 0 0.11 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.01 0.01 0.26 0.17 0.05 0.14 0.17 0.11 0.01 0.05 0.02 0 0 0 0  
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C.10 10Forest 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 34 141 183 209 759 558 656 409 178 21 7 43 72 41 12 15 0.44 
1.6 142 224 327 287 586 455 184 111 144 19 10 12 35 51 42 50 0.35 
3.2 149 151 168 88 294 250 81 12 9 2 2 1 12 11 17 27 0.17 
4.8 82 64 36 6 10 18 2 0 0 0 0 0 0 1 0 11 0.03 
6.4 10 4 1 1 0 1 0 0 1 0 0 0 0 0 0 2 0 
8 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Freq 0.06 0.08 0.09 0.08 0.22 0.17 0.12 0.07 0.04 0.01 0 0.01 0.02 0.01 0.01 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 3 4 7 1 2 1 0 0 0 1 0 0 0 0.18 
1.6 2 5 4 2 10 10 7 4 5 0 0 0 2 2 3 4 0.57 
3.2 1 0 0 0 0 2 1 1 0 0 0 0 0 0 0 0 0.08 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.07 
Freq 0.04 0.05 0.04 0.05 0.13 0.17 0.08 0.06 0.06 0 0 0 0.03 0.02 0.03 0.04  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0 1 0.04 
1.6 3 1 4 8 7 7 1 1 0 0 0 0 0 0 0 0 0.29 
3.2 5 6 1 7 10 10 1 0 0 0 0 0 0 0 0 0 0.38 
4.8 3 6 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0.15 
6.4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.07 
Freq 0.11 0.11 0.06 0.14 0.16 0.17 0.02 0.01 0 0 0 0 0 0.01 0 0.01  
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C.11 11Petrie 
 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 263 21 174 814 457 186 123 104 134 239 147 53 36 38 28 219 0.51 
1.6 128 26 83 894 486 5 1 0 5 22 15 2 2 1 12 99 0.3 
3.2 29 11 35 630 297 0 0 0 0 0 1 0 0 0 2 24 0.17 
4.8 4 1 0 75 28 0 0 0 0 0 1 0 0 0 1 0 0.02 
6.4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.07 0.01 0.05 0.41 0.21 0.03 0.02 0.02 0.02 0.04 0.03 0.01 0.01 0.01 0.01 0.06  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 1 10 5 2 1 0 2 6 1 0 4 0 1 2 0.47 
1.6 0 0 0 18 12 1 0 0 0 0 0 0 0 0 0 5 0.47 
3.2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0.05 
4.8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.03 0 0.01 0.36 0.25 0.04 0.01 0 0.03 0.08 0.01 0 0.05 0 0.01 0.12  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 0 6 0 0 0 0 2 0 0 0 0 0 0 1 0.13 
1.6 2 1 3 11 7 0 0 0 0 0 0 0 0 0 0 0 0.31 
3.2 2 1 1 24 8 0 0 0 0 0 0 0 0 0 0 0 0.47 
4.8 0 0 0 6 1 0 0 0 0 0 0 0 0 0 0 0 0.09 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.06 0.03 0.05 0.61 0.21 0 0 0 0.03 0 0 0 0 0 0 0.01  
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C.12 12Kenmore 
 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 22 28 55 52 70 117 230 428 248 112 77 57 187 237 82 31 0.32 
1.6 22 37 100 63 99 155 131 200 295 97 29 24 226 209 65 37 0.28 
3.2 16 31 86 43 72 232 90 125 290 184 27 27 210 154 50 30 0.26 
4.8 4 12 20 16 34 150 53 40 113 138 8 3 135 57 15 7 0.13 
6.4 0 0 1 3 3 19 5 0 7 18 0 0 15 6 1 1 0.01 
Freq 0.01 0.02 0.04 0.03 0.04 0.11 0.08 0.12 0.15 0.09 0.02 0.02 0.12 0.1 0.03 0.02  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 2 1 2 1 2 3 3 2 1 0 0 2 1 1 1 0.25 
1.6 0 1 7 3 6 6 4 2 9 2 1 0 1 5 2 2 0.59 
3.2 0 0 1 1 0 0 0 2 6 2 0 0 0 0 0 0 0.14 
4.8 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0.02 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0.03 0.1 0.07 0.08 0.09 0.08 0.08 0.2 0.08 0.01 0 0.03 0.07 0.03 0.03  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0.03 
1.6 0 0 0 1 1 1 0 0 4 0 1 0 1 0 0 0 0.1 
3.2 0 0 0 1 1 4 1 2 4 3 0 0 7 2 0 1 0.29 
4.8 0 1 0 0 2 7 7 2 5 9 1 1 5 7 0 0 0.53 
6.4 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0.04 
Freq 0 0.01 0.01 0.03 0.04 0.13 0.1 0.06 0.15 0.16 0.02 0.01 0.15 0.1 0.01 0.01  
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C.13 13Corinda 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 95 227 292 177 111 191 422 489 481 18 16 38 13 9 18 42 0.49 
1.6 121 578 408 62 20 43 238 362 582 2 1 1 0 1 5 9 0.45 
3.2 9 25 14 5 0 0 2 61 139 0 0 0 0 0 0 0 0.05 
4.8 0 0 0 0 0 0 0 6 15 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Freq 0.04 0.16 0.13 0.05 0.02 0.04 0.12 0.17 0.23 0 0 0.01 0 0 0 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 1 0 2 3 1 3 4 8 3 0 2 2 0 0 0 1 0.43 
1.6 0 2 1 0 0 0 2 4 22 0 0 0 0 0 0 0 0.45 
3.2 0 0 0 0 0 0 0 2 4 0 0 0 0 0 0 0 0.09 
4.8 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0.03 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.03 0.04 0.04 0.01 0.04 0.09 0.2 0.45 0 0.03 0.03 0 0 0 0.01  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 1 3 0 1 0 1 1 2 0 0 0 0 0 0 1 0.14 
1.6 8 16 16 2 1 1 3 6 3 0 0 0 0 0 0 1 0.8 
3.2 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0.06 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.14 0.24 0.3 0.03 0.03 0.01 0.06 0.1 0.07 0 0 0 0 0 0 0.03  
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C.14 14Sinnamon 
 
 
 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 34 27 288 281 236 113 82 35 28 21 33 57 37 11 10 12 0.43 
1.6 7 5 248 473 135 44 44 3 1 0 12 23 12 0 0 1 0.33 
3.2 0 0 131 345 82 10 7 0 0 0 1 4 2 0 0 0 0.19 
4.8 0 0 34 80 44 0 1 0 0 0 0 0 1 0 0 0 0.05 
6.4 0 0 1 6 2 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0.01 0.01 0.23 0.39 0.16 0.05 0.04 0.01 0.01 0.01 0.02 0.03 0.02 0 0 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 2 2 1 2 0 0 0 1 1 1 2 0 1 0 0.31 
1.6 0 0 2 8 7 1 5 0 0 0 1 1 0 0 0 0 0.6 
3.2 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0.1 
4.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0.1 0.26 0.21 0.1 0.14 0 0 0.02 0.05 0.05 0.05 0 0.02 0  
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 N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Freq 
0 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0.09 
1.6 0 0 1 10 0 0 0 0 0 0 0 0 0 0 0 0 0.26 
3.2 0 0 2 18 0 1 0 0 0 0 0 0 0 0 0 0 0.49 
4.8 0 0 1 4 2 0 0 0 0 0 0 0 0 0 0 0 0.16 
6.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Freq 0 0 0.16 0.74 0.05 0.02 0.02 0 0 0 0 0 0 0 0 0  
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Appendix D - The Beaufort wind scale 
PLEASE NOTE: "Beaufort scale numbers and descriptive terms such as 
'near gale', 'strong gale' and 'violent storm' are not normally used in 
Bureau of Meteorology communications or forecasts". 
 
Beaufort 
scale 
number  
Descriptive 
term  
Units 
in km/h 
Units 
in 
knots 
Description on Land Description at Sea  
0  Calm  0  0  Smoke rises vertically  Sea like a mirror.  
1-3  Light winds  19 km/h or less  
10 
knots or 
less  
Wind felt on face; leaves 
rustle; ordinary vanes moved 
by wind.  
Small wavelets, ripples formed but 
do not break: A glassy appearance 
maintained.   
4  Moderate winds  
20 - 29 
km/h  
11-16 
knots 
Raises dust and loose paper; 
small branches are moved.  
Small waves - becoming longer; 
fairly frequent white horses.  
5  Fresh winds  30 - 39 km/h  
17-21 
knots 
Small trees in leaf begin to 
sway; crested wavelets form 
on inland waters  
Moderate waves, taking a more 
pronounced long form; many white 
horses are formed - a chance of 
some spray  
6  Strong winds 40 - 50 km/h  
22-27 
knots 
Large branches in motion; 
whistling heard in telephone 
wires; umbrellas used with 
difficulty.   
Large waves begin to form; the 
white foam crests are more 
extensive with probably some spray 
7  Near gale  51 - 62 km/h  
28-33 
knots 
Whole trees in motion; 
inconvenience felt when 
walking against wind.  
Sea heaps up and white foam from 
breaking waves begins to be blown 
in streaks along direction of wind.  
8  Gale  63 - 75 km/h  
34-40 
knots 
Twigs break off trees; 
progress generally impeded.  
Moderately high waves of greater 
length; edges of crests begin to 
break into spindrift; foam is blown in 
well-marked streaks along the 
direction of the wind.  
9  Strong gale  76 - 87 km/h  
41-47 
knots 
Slight structural damage 
occurs -roofing dislodged; 
larger branches break off.  
High waves; dense streaks of foam; 
crests of waves begin to topple, 
tumble and roll over; spray may 
affect visibility.  
10  Storm  
88 - 
102 
km/h  
48-55 
knots 
Seldom experienced inland; 
trees uprooted; considerable 
structural damage.  
Very high waves with long 
overhanging crests; the resulting 
foam in great patches is blown in 
dense white streaks; the surface of 
the sea takes on a white 
appearance; the tumbling of the 
sea becomes heavy with visibility 
affected.   
11  Violent storm 
103 -
117 
km/h  
56-63 
knots 
Very rarely experienced -
widespread damage  
Exceptionally high waves; small 
and medium sized ships 
occasionally lost from view behind 
waves; the sea is completely 
covered with long white patches of 
foam; the edges of wave crests are 
blown into froth.  
12+  Hurricane  
118 
km/h or 
more  
64 
knots or 
more  
The air is filled with foam and 
spray. Sea completely white with 
driving spray; visibility very 
seriously affected  
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Appendix E -  Case Study Lots and Buildings  
E.1 Case study 1 
One of only two very small (300m²) lots offered. 
 
Figure E-1 Lot case study 1 
• Small lot 300m²  - outer south  
• SEDA Lot rating - 1 star (width)  
 
Figure E-2 Suburban context case study 1 
• North-facing lot located in an infill development.  
• Open space to the south (rear) and a street to the north. 
♦ 
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• Equipment located to north of main living area in a reasonably clear space in 
the dense perimeter plantings within an enclosed courtyard  
 
Figure E-3 Dwelling case study 1 
 
• Double-storey brick veneer on slab freehold terrace dwelling. 
• 1990’s double storey b/v on slab terrace house (freehold). 
• 3 bedroom (including SOHO), 3 pedestals.  
Homeowner anecdotes  
• 2 adult occupants, one of whom works at home (WAH) part time.   
• Passive cooling preferred. 
• Owners expect dwelling to be hot at peak periods, but enjoy exceptional 
natural ventilation for most of the year. 
• Location of attached double storey dwellings adjacent to parkland allows 
passive surveillance and provides these zero lot dwellings with the benefit of 
breezes across the parkland. 
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 1  Outer southside suburb, 1990s terrace house.  Long and narrow 300m2 lot. 
 
Orientation:  North (tree lined street) south (large park). 
Gradient:   Insignificant. 
Relativity:   Slightly above street (circa 1m) with very gentle rise to park (circa 0.5m). 
Ventilation potential: Limited by narrowness of lot.  Demands very sensitive design of both building and 
landscape to maximise through ventilation where residence is necessarily confined 
between solid boundary walls. Potential enhanced by the microclimatic benefits 
afforded by the tree-lined street and openly treed park. 
Existing development: Said to be comfortable in relatively open ground floor living spaces.  Necessary 
compartmentalisation of first floor bedroom/bathroom spaces limits effectiveness here. 
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E.2 Case study 2  
Elevated lightweight dwelling typical of older suburbs pre-war, these dwellings are 
now being impacted by encroaching medium density developments.  They are also 
being altered extensively with partial (as here) or complete sub-floor construction.    
 
Figure E-4 Lot case study 2 
• Small lot 405m² - inner city. 
• 1 star (width) SEDA Lot rating. 
 
Figure E-5 Suburban context case study 2 
• West-facing, flat lot. 
• Well vegetated lot made locating the equipment problematic. 
• Equipment located to east of main living area and closer to the dwelling than 
ideal to capture any breezes flowing over the high and dense boundary 
vegetation on the north eastern boundary. 
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Figure E-6 Dwelling case study 2 
• Lightweight elevated dwelling (120m²)with partial sub floor construction 
(60m²). 
• 4 bedroom, 2 pedestals. 
• Adjoining dwellings in close proximity. 
Homeowner anecdotes   
• 2 adult occupants – both WAH periodically. 
• Lot and dwelling well ventilated. 
• No air-conditioning by choice. 
• Owners have added a wide verandah to rear with bi-fold doors to capture 
prevailing north-easterly breezes.  
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 2 Inner city suburb, high set inter-war timber house partially enclosed under.  Long and 
narrow 405m2 lot. 
Orientation: West (behind a local concentration of street trees) east (backyards with random trees 
and shrubs). 
Gradient: Slight. 
Relatively: At street level with gentle fall (less than 2m) to rear boundary.  Slope continues 
through to next street. 
Ventilation potential: Limited by narrowness of lot and minimal separation of adjoining buildings.  Site offers 
good access to SE and NE summer breezes provided building and landscape design 
is able to capture these and channel them though the house.  Street trees provide 
protection from the west. 
Existing development: Said to be well ventilated and comfortable.  East end (rear) has been opened up with a 
full width verandah designed to capture summer breezes. 
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E.3 Case study 3  
Urban infill development on a very steep slope  
 
Figure E-7 Lot case study 3 
• Medium lot 476m² - inner west. 
• 1 star (width and slope) SEDA Lot rating. 
 
Figure E-8 Suburban context case study 3 
• East-facing, very steep lot. 
• Limited sites for equipment to be installed owing to steepness of site, location 
services etc. 
• Equipment located to west of the main living areas, but below given steepness 
of site and constraints imposed by swimming pool, services etc.  
• Is expected to capture breezes flowing up the gully toward the living areas. 
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Figure E-9 Dwelling case study 3 
• 2005 dwelling.  
• 3 level dwelling, 4 bedrooms, 3 pedestals.   
Homeowner anecdotes  
• 2 occupants, 1 WAH frequently and usually in the afternoon.  
• Lot and dwelling well ventilated. 
• Dwelling designed with passive ventilation in mind.  
• Air-conditioning rarely used.  
Love our louvres, they are a very valuable feature – they catch the 
breezes, but also mean there is control over breezes, as well as 
control over rain.  Sliding or double hung windows don’t give 
such control.   We frequently leave the louvres open a bit during 
the day to allow air movement through the house (either summer 
or winter). 
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 3 Inner west suburb, new house on 3 levels.  Half of an urban infill development on long 
and narrow 476m2 lots formed by subdividing a larger lot. 
Orientation: East (street without trees rising steeply to the NNE) west (backyards with random 
trees and shrubs). 
Gradient: Very steep 
Relativity: Falls rapidly away from street (circa 9m) into a deep valley then rises to next street.  
Site is therefore enclosed between two ridges with an exposed western aspect. 
Ventilation potential: Limited by narrowness and steepness of lot and western aspect.  Local microclimate 
could be enhanced by avenue style street tree planting to channel breezes up and 
down street.  Sensitive building and landscape design required to achieve maximum 
natural ventilation potential.  Summer breezes should be accessible at higher levels 
over eastern ridge but lower levels will rely on local capture and channelling supported 
by landscape design that encourages formation of local convection currents. 
Existing development: Upper bedroom level could have made better use of breezes over the ridge.  Breeze 
potential at main living level which is about half a floor below the street is limited by a 
two car garage across most of the front.  Entry designed to capture local breezes.  
West protected by a deep and covered full width verandah. 
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E.4 Case study 4  
Traditional Queenslander with clear sub storey   
 
Figure E-10 Lot case study 4 
•  
• 539 m2 – inner city.  
• 5 star SEDA Lot rating. 
 
Figure E-11 Suburban context case study 4 
• South-facing lot in a mature suburb. 
• Equipment located to north east of main living areas.   
 
 
  
  189 
2. Final Report - Ventilation Data Analysis.doc   
   
 
Figure E-12 Dwelling case study 4 
• Elevated lightweight with clear sub-floor.  
• 2 bedroom, 1 pedestal. 
Homeowner anecdotes  
• Occupants – 2 adults, 1 child.  
• Lot well ventilated, but dwelling is poorly ventilated. 
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 4 Inner city suburb, high set inter-war timber house, partial front and side verandah, 
central hallway, unenclosed under.  Relatively narrow 539m2 lot. 
 
Orientation: Southwest (street with random trees, small tree in front of house) northwest 
(backyards with random trees and shrubs) 
Gradient: Gentle slope 
Relativity: At street level with around 2.75m fall to rear boundary.  Local topography should have 
little influence on wind movements access. 
Ventilation potential: 45º orientation away from north suggests that site has good access to SE to E breezes 
becoming more restricted around to the NE.  Careful attention to building and 
backyard landscape design for breeze capture and channelling should be able to 
maximise passive ventilation. 
Existing development: House has been extensively altered at rear to open house up to summer breezes.  
Compartmentalised front rooms of house poorly ventilated.  This is possibly 
exacerbated by poor protection from west (other than the partial front verandah) and 
high glare footpath/driveways which reflect worst of mid-afternoon heat. 
 
  
  190 
2. Final Report - Ventilation Data Analysis.doc   
   
E.5 Case study 5  
Only cavity (double) brick dwelling offered for the project.  
 
Figure E-13 Lot case study 5 
• Small 541 m2 – inner east. 
• 5 star SEDA Lot rating. 
 
 
Figure E-14 Suburban context case study 5 
• South-facing lot in a mature suburb. 
• Breezes blocked by hill to north-east, by adjacent buildings and perimeter 
plantings. 
• Dwelling to north has been extended extensively over the past twenty years. 
• Chain wire fences replaced with 1.8 timber for privacy. 
• Equipment located to north east of the dwelling as security considerations 
prevented its location adjacent to the south facing main living areas.  
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• High, dense perimeter plantings restricted location equipment to a relatively 
lightly vegetated area on the northern side to capture the prevailing north-
easterly breezes. 
 
  
Figure E-15 Dwelling case study 5 
• 1930’s cavity brick on piers with cavity brick on slab extension.   
• 3 bedrooms (including SOHO), 1 pedestal.  
Homeowner anecdotes  
• Occupant – 1 adult - WAH regularly.  
• Dwelling is warm in winter and cool in summer – provided the windows are 
closed before the temperature rises.  
• However noise in the neighbourhood prevents the windows being left open at 
night to shed internal heat. 
• This causes a build-up of internal heat during prolonged periods of high 
temperatures. 
• Result - bedroom air-conditioned in 2004.  
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 5 Inner eastern suburb, 1930s single story cavity brick house on 541m2 corner lot 
 
Orientation: South (longest frontage to conventional width street with some street trees on near 
side) west (secondary frontage to half width street without trees) north and east to 
adjoining lots. 
Gradient: Slight. 
Relativity: Slight rise (circa 1.5m) from west to east) with gradient increasing to moderate further 
to the east.  Owner suggests breezes blocked by a hill to the northeast (not shown on 
site plan provided). 
Ventilation potential: Relative smallness of lot and double street frontage limits scope to position house and 
retain sufficient private open space to north and east to maximise control of access to 
summer breezes.  A two story house that minimises building footprint and maximises 
backyard area may be the best design option. 
Existing development: Single story L-shaped house with forced street setbacks results in a very small 
backyard.  Heavy perimeter planting, a 1.8m solid boundary fence and close proximity 
to adjoining houses severely limits access to NE breezes.  SE breezes should be 
accessible but not taken advantage of by the heavy street facade design. 
 
  
  192 
2. Final Report - Ventilation Data Analysis.doc   
   
E.6 Case study 6  
One of two Greenfield residences offered for the study, this dwelling is located at the 
bottom of a steep rise in a new development  
 
Figure E-16 Lot case study 6 
• 544 m2 – outer south-west. 
• 5 star SEDA Lot rating. 
 
Figure E-17 Suburban context case study 6 
• North-facing lot. 
• Equipment located to north east of main living area. 
• Clear space to north-east is currently a vacant building lot that has potential to 
block breezes in future. 
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Figure E-18 Dwelling case study 6 
 
• 2005-constructed single storey brick veneer on slab 
• 4 bedroom (including SOHO), 2 pedestal  
Homeowner anecdotes  
• 2 adults – no WAH. 
• Air-conditioned throughout and ‘during summer the air-conditioning would be 
on extensively’. 
• Winter use is an hour in the mornings before work for about a month or a 
month and a half. 
• Prefer to use air-conditioning to adjust internal temperature.  
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 6 outer southwest suburb, new single story brick veneer house on 544m2 corner lot. 
 
Orientation: Northeast (longest frontage to shared space street with some immature trees) north 
(secondary frontage to cul-de-sac turning space) west and south to adjoining lots. 
Gradient: slight. 
Relativity: Fall to northeast street frontage (< 1m) which continues across street and opposite lots 
to a linear park along a creek where some riparian vegetation has been retained. 
Ventilation potential: Excellent given appropriate building and landscape design.  Blocking effect of houses 
on the NE side of the street should be offset by the acceleration of breezes through 
the gaps between the houses and the slightly steeper falls of the land away from the 
street to the creek. 
Existing development: No thought given to passive ventilation potentials and it is fully airconditioned.  House 
occupies maximum site area and adjoining houses are in very close proximity and 
separated by 1.8m timber fences.  Except for one central living space which extends 
through to the south wall the mass of the house demands full compartmentalisation 
which would prevent any through ventilation. 
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E.7 Case study 7  
Typical 1980’s dwelling and sub-division  
 
Figure E-19 Lot case study 7 
• 608 m2 – outer south-west. 
• 5 star SEDA Lot rating.  
 
Figure E-20 Suburban context case study 7 
• West facing lot on a rise that slopes down toward north.  
• Equipment located to north of main living area in a secured area adjacent to 
the swimming pool.   
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Figure E-21 Dwelling case study 7 
• 1980s dwelling – Single storey brick veneer on slab. 
Homeowner anecdotes  
• Occupants – 2 adults, 1 child.  
• Site reported to be well ventilated with clear access to north east.  
• Dwelling is not well ventilated - north facing clerestory is currently sealed, 
attracting and trapping heat.   
• Air-conditioning added in 2005 and used extensively in summer.  
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 7 outer southwest suburb, 1980s single story brick veneer house on 608m2 lot. 
 
Orientation: West (street with no street trees) east (backyards with random trees and shrubs) north 
and south to adjoining lots. 
Gradient: Slight 
Relativity: At street level with fall (circa 1.75m) fall to NNE. 
Ventilation potential: Good provided house footprint maximises controllable backyard space to 
east/northeast and is combined with sensitive landscape design.  Western protection 
would be enhanced by careful street tree planting. 
Existing development: House extends along southern boundary with almost half the lot width retained as 
garden along the northern side.  The house to the north extends across the width of 
the lot in the front half so that breeze access is unimpeded.  Unfortunately the house 
design has not taken advantage of this.  Opposing skillion roofs with a sealed 
clerestory on the north convert sunlight to heat and traps it in the high spaces of the 
house.  Concentration of non-living space compartments along the southern side 
prevents effective through ventilation. 
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E.8 Case study 8  
One of the few poorly ventilated dwellings offered. 
 
Figure E-22 Lot case study 8 
• 630 m2 – outer north-west 
• 1 star (slope) SEDA Lot rating  
 
Figure E-23 Suburban context case study 8 
• East-facing lot located on western side steep sloping hillside.  
• Breezes blocked by hill to north east and by steepness of site from street level. 
• System could not be located on north-eastern side due to steep slope, dense 
vegetation and driveway. 
• Main living areas are on western side and equipment is located on the south-
western corner where it can be expected to capture breezes from the east and 
those flowing from the parkland to the south. 
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• System monitors ground level this dwelling and level two of dwelling to its 
west. 
 
Figure E-24 Dwelling case study 8 
• 1980’s dwelling.  
• 2-level brick veneer on slab. 
• 4-bedroom (SOHO), 3 pedestal. 
Homeowner anecdotes  
• Occupants – 2 adults, 1 child. 
• Site and dwelling reported to be very poorly ventilated.  
• Owner has replaced sealed clerestory with operable windows, improving 
internal ventilation. 
• Also added a wide awning to rear of dwelling to shield west facing living area 
windows. 
• Air conditioned throughout and air conditioning unit used to heat in winter 
and cool in summer.  
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
CASE STUDY 8 outer northwest suburb, 1980s two story brick veneer house on 630m2 lot. 
 
Orientation: East (street with no trees) west (to backyard of house in next street) north and south to 
adjoining lots. 
Gradient: Very steep. 
Relativity: Lot falls away from street to the west (circa 5m) and has a relatively wide frontage. 
Ventilation potential: Very poor.  This and its adjoining lots could well be the subdivisions from hell.  Any 
sense of planning sensitivity in design or development approval should not have 
allowed it to proceed and highlights the need for a study of this scope.  The steep 
slope below the street to the west and a rising hill to the east effectively excludes 
access to most summer breezes. The only design approach that could make the sites 
habitable would be light weight houses elevated on high stilts to get them above street 
level and deep covered verandahs along the west to provide some protection from the 
west. 
Existing development: Two story slab on ground construction across the frontage has necessitated deep 
excavation into the hillside effectively worsens already poor access to breezes.  Four 
small clerestory hopper windows facing east releases some trapped heat but house is 
otherwise extensively reliant on airconditioning. 
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E.9 Case study 9  
One of the few contemporary elevated lightweight dwellings offered for the study.  
The home-owners had removed the existing dwelling and built its replacement with 
passive cooling in mind. 
 
Figure E-25 Lot case study 9 
• 703 m² - outer south-west 
• 4 star (width) SEDA Lot rating 
 
Figure E-26 Suburban context case study 9 
• South-facing lot in mature suburb. 
• Mature vegetation retained when former house removed and new dwelling 
constructed. 
• Open wire fences typical of earlier suburbs in Brisbane. 
• Equipment located in relatively clear area to north of the main living area.   
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Figure E-27 Dwelling case study 9 
• 2005 construction elevated lightweight construction.   
Homeowner anecdotes  
• Occupants – 2 adults, 2 children.  
• Both lot and dwelling are well ventilated.  
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
 
CASE STUDY 9 outer southeast suburb, new two story house in lightweight construction on 703m2 lot 
with a relatively narrow frontage. 
 
Orientation: South (to street with some street planting in front of house) north to backyards with 
random trees and shrubs) east and west to adjoining lots. 
Gradient: Virtually flat – sits in very shallow depression on Brisbane River floodplain. 
Relativity: Level connection to street and all adjoining lots. 
Ventilation potential: Good.  Depth of block allows house to be positioned well forward on the western side 
of the block so that maximum area of backyard is retained.  Good house and 
landscape design could maximise controlled access to NE breezes provided through 
ventilation is maximised through house.  Access to SE breezes could be enhanced by 
avenue street planting to improve microclimate. 
Existing development: Said to have been designed with passive ventilation in mind.  Response is generally 
similar to the above suggested design approach.  An open carport and retention of a 
mature Poinciana (Delonix regia) in front of the house allows access to street breezes.  
A serendipitous massing of mature trees to the north and east appears to assist 
channelling of NE breezes into the rear of the house. 
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E.10 Case study 10  
One of the few greenfield homes offered. 
 
Figure E-28 Lot case study 10 
• 766 m2 – outer south-west 
• 5 star SEDA Lot rating  
 
Figure E-29 Suburban context case study 10 
• Flat, south-facing lot with retaining wall on eastern boundary. 
• Minimum vegetation in lot and in area due to newness of the development. 
• Equipment located to north-east of main living area.  
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Figure E-30 Dwelling case study 10 
• Single-level brick veneer on slab. 
• Air conditioned throughout.  
Homeowner anecdotes  
• Occupants 2 adults 2 children.  
• Lot and dwelling are well ventilated.  
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
CASE STUDY 10 outer southwest suburb, new single story brick veneer house on 766m2 lot. 
 
Orientation: South (to street with minimal and immature street planting in front of house) north, east 
and west to adjoining lots. 
Gradient: Whole of site levelled. Originally a gentle slope (circa 2m fall) from east to west. 
Relativity: Level with street and rear allotment. Retained below east and above west lots. 
Ventilation potential: Good.  SE and NE breezes are able to access the site.  Any adjoining house on high 
side would potentially block breezes fro the east.  Relatively wide frontage suggests a 
house (perhaps two stories) located in the front half of the block to maximise the 
backyard and the potential for landscape design to protect breeze access irrespective 
of adjoining building development.  An east west house would also maximise 
opportunity for through ventilation from rear to front. 
Existing development: Indicates no thought given to passive ventilation.  House occupies a large percentage 
of site area leaving only a small triangular open area with swimming pool and small 
shade sail in the NE corner.  There is a narrow channel of access for NE breezes 
between adjoining houses but proximity to adjoining houses and high boundary fences 
would block out most.  Consequently, house is fully airconditioned. 
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E.11 Case study 11  
Dwelling was designed to maximise north easterly access, which were subsequently 
blocked by a dwelling being built at ground level, rather than cut into the hillside. 
Lot contour diagram not available. 
• 860 m2 – northern corridor. 
• 5 star SEDA Lot rating. 
 
Figure E-31 Suburban context case study 11 
• West-facing slightly sloping lot in mature sub-division.  
• Mature perimeter vegetation limited siting options. 
• Equipment located to north east of main living area.   
• System monitoring ground floor this dwelling and level two dwellings behind. 
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Figure E-32 Dwelling case study 11 
• Single-level brick veneer on slab. 
• 4 bedrooms (including SOHO), 2 pedestals. 
• Roof insulation R1.5 roof insulation and walls are sarked.   
Homeowner anecdotes  
• Occupants - 3 adults. 
• Lot and home poorly ventilated. 
• Fans used in preference to air-conditioning.   
 
Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas 
(QUT) (2 & 5 February 2007) 
CASE STUDY 11 northern corridor (Pine Rivers Shire), 1980s single story brick veneer house on 860m2 
lot. 
Orientation: West (to street with no trees) east (to lot on adjoining cul-de-sac) north and south to 
adjoining lots. 
Gradient: Relatively flat on low ridgeline (contour map not provided). 
Relativity: Slightly elevated above street level. 
Ventilation potential: Average.  Subdivision layout makes lot very vulnerable to breeze blocking by adjoining 
development.  The 5 star lot-rating suggested is very questionable in reality.  One 
design approach might be to extend the house in a long, narrow configuration along 
the southern boundary to maximise through ventilation and the garden space along 
the northern side to allow landscape design to enhance the microclimatic environment. 
Existing development: Indicates an attempt to respond to the site potential but the L return across the front 
blocks the “wind tunnel” potential of the northern side and compartmentalisation of the 
southern edge blocks through ventilation.  The owners blame a large house to the 
north east for blocking breezes but I suspect it is only part of the problem.  A large 
stand of mature Eucalypts further to the NE and acting as a shelter belt would largely 
negate the influence of the house itself. 
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E.12 Case study 12  
Selected as representative of the steeply sloping sites that developers increasingly 
have to contend with.   
 
Figure E-33 Lot case study 12 
• 1000 m2 (and 200 m2 easement) – outer west. 
• 1 star SEDA Lot rating. 
 
Figure E-34 Suburban context case study 12 
• North-facing infill subdivision in an area settled 20-25 years ago.  
• Equipment installed on north-western side dwelling (driveway on north-
eastern side) and below main living areas on second level.  
• System monitoring ground floor this dwelling and level two of the dwellings 
to its north. 
Please note – lot 
is left of that 
outlined in this 
plan 
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Figure E-35 Dwelling case study 12 
• 1990s dwelling. 
• 3 bedroom, separate SOHO, 2 pedestal.  
• 2-storey brick veneer on slab.  
Homeowner anecdotes  
• Occupants 2 adults.  
• Lot and dwelling are well ventilated.  
 
Figure E-36 Lot slope case study 12. Image reproduced permission homeowner, 2006 
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Field notes from Case Study Site Visits from Assoc. Prof. Glenn Thomas (QUT) (2 & 
5 February 2007) 
 
CASE STUDY 12 outer western suburb, 1990s two story brick veneer house on 1000m2 battleaxe lot. 
 
Orientation: north (above extended driveway from street below) east to a mirror image battleaxe lot 
and south and west to adjoining lots.  The block to the west extends south to the 
ridgeline and is tree-covered open space (tenure not known). 
Gradient: Very steep. 
Relativity: The house sits some 7m above street level and is cut into the hillside which continues 
to rise steeply through the rear lot to a ridgeline street above. 
Ventilation potential: Excellent due to its exposed hillside position and accepting that good design can deal 
with the slope issue.  Again this appears in conflict with the 1 star lot-rating suggested.  
A house design in lightweight construction stepped up the hill offers the opportunity for 
cross ventilation and good solar access to all house spaces.  The site’s elevation gives 
good access to summer breezes from N around to ESE and tree cover and the hillside 
to the W/SW gives good protection from this quarter. In addition the local topography 
of the valley should encourage development of updrafts which could be cool in winter 
but of definite benefit in summer months. 
Existing development: The living spaces in the east wing appear to have been designed to take benefit of the 
breeze potential including cross ventilation.  However, the bulk of the house along the 
western side appears to be too compartmentalised to promote any through ventilation 
and thus lose the ventilation potential offered. 
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E.13 Case study 13  
Case study added 18 December to replace case study 3.   
Traditional Queenslander on large site with open garden. 
 
 
Monitoring equipment adjacent to living area 
 
 
Street (north-east) facade Verandah-mounted equipment capturing afternoon 
NE winds 
Figure E-37 Lot analysis case study 13 
Lot analysis 
• Inner western suburb, high set inter-war timber house, deep verandahs to north 
and east, enclosed under on large site (multiple lots – 1011 m2) 
• Orientation: North (to street with some random street trees, none in front of 
lot) and south (to backyard of house in next street) east and west to adjoining 
lots. 
• Gradient: Gentle cross slope. 
• Relativity: Direct access from street. Site falls west to east (circa 2.5m) and 
house is located to the western edge of the property. 
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• Ventilation potential: Excellent. Large site area gives good control over access 
to cooling summer breezes. Could be improved with more street tree planting 
to enhance micro-climate potential on hot, still days. 
• Existing development: Positioning of existing house to the west of the block 
has left the site open to summer breezes and this should be enhanced by the 
deep verandahs.  Mature Frangipani (Plumeria sp.) trees in the front garden 
provide additional cool shade.  Overall makes excellent use of a large site. 
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E.14 Case study 14  
Case study added 15 January 2007 to replace case study 6. 
   
  
 
Streetscape Monitoring equipment 
From monitoring equipment to main living area Rear of property showing slope to adjacent property 
Figure E-38 Lot analysis case study 14 
Lot analysis  
Outer western suburb, single story brick veneer, slab on ground at end of cul-de-
sac, lot area not known (circa 600 m2?). 
 
Orientation: South (to cul-de-sac with a small number of immature 
street trees), north (to backyard of house in next street), 
east and west to adjoining lots. 
Gradient: Negligible. Lot cut and filled to level. 
Relativity: Driveway rises circa 2 m from carriageway to front 
garden. There is another 3 m rise at the rear to the lots on 
the north side. East to west is level. 
Ventilation potential: Poor access to NE breezes due to likely blocking by 
houses built on higher adjoining lots. What breeze does 
get through will be accelerated through narrow gaps 
between the houses. Some potential to capture SE Breezes 
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provided house is designed to be as open as possible in 
front. 
Existing development: House fills a significant portion of the lot and is close to 
all adjoining houses and access to natural ventilation 
appears limited to all but a narrow corridor of NE breezes.  
Conventional closed garage and house front design limits 
access to SE breezes. Overall likely to be a poor 
performer. 
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responsible for the development of the reference software for the Nationwide House 
Energy Rating Scheme (AccuRate) for calculating temperatures and air conditioning 
energy in houses. He has an international reputation for his work on the mathematical 
modelling of heat flows from concrete slab-on-ground floors. 
Angelo was part of the project team that undertook a scoping study on introducing 
minimum energy performance requirements into the Building Code of Australia, and 
played a key role in producing the report “Feasibility Study – A National Approach 
for Energy Efficiency Measures for Houses”, both for the Australian Greenhouse 
Office.  
While at CSIRO he has published 59 papers, 69 industrial reports, and edited the 
proceedings of an international conference on building simulation. He was the 
Australian representative on the International Energy Agency Annex 35 – Hybvent 
(Hybrid Ventilation) project (1998-2002), where he acted as co-editor of a state-of-
the-art review of hybrid ventilation, and as leader of a working group on using 
simulation tools. 
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F.3 Michael Ambrose  
Michael Ambrose is an environmental scientist with CSIRO Sustainable Ecosystems 
where he has been employed for the last 13 years.  Michael holds a degree in 
architecture from Deakin University and has a graduate diploma in building project 
management.  He is currently involved in the CRC CI Your Building project which is 
developing sustainability guidelines for commercial buildings where he is leading the 
energy and water sustainability sections and is a member of the Your Development 
project, an Australian Greenhouse Office funded project developing sustainability 
guidelines for subdivisions.  Michael was the leader of the original CRC CI 
Sustainable Subdivisions: Energy project and has also managed a CSIRO project, 
developing sophisticated long-term life cycle analysis software for water authorities.  
Michael’s other recent projects include the analysis of energy embodied in buildings, 
material and cost estimating and the utilisation of CAD systems for environmental 
analysis.  These have included projects for the Australian Greenhouse Office looking 
at energy efficiency of commonwealth housing and several embodied energy analysis 
projects for commercial, residential and infrastructure projects including an analysis 
of several urban water infrastructure options for a large residential sub-division.  He 
also developed and managed environmental specifications for a Greensmart 
residential village recently opened in Brisbane, Australia. 
Michael’s background in architecture has been utilised in the LCADesign project and 
he has been responsible for developing the prototype CAD models and the interface 
between the 3D CAD software and LCADesign. 
F.4 Fanny Boulaire 
Fanny Boulaire is a scientist with CSIRO Sustainable Ecosystems where she has been 
employed since 2003. She holds an engineering degree / Masters in Mathematics and 
Modelling, from the Grande Ecole CUST, located in Clermont-Ferrand, France. 
Since she started at CSIRO, Fanny has been involved in many CRC CI projects such 
as DesignCheck, DesignSpec, the AutomatedSchedulor where she applied advanced 
engineering and mathematical skills in the development of computer software. All 
these software have in common a common data definition exchange, which allows 
interoperability and easy transfers between CAD systems. 
Lately she has been involved in the CRC CI ‘Microclimatic Impact on the Built 
Environment’ project that consists in evaluating and predicting the distinct changes in 
the microclimate, the immediate surroundings of a building or built environment. She 
was responsible for the development of a software module that predicts the thermal 
behaviour of outdoor spaces under some climatic conditions, as well as the 
incorporation of all the other environmental analyses within the software. 
Her interest in the impact of urban development on the environment has led her to be 
part of this project in which she analysed the environmental data.  
F.5 Loretta Kivlighon 
Loretta completed a BSc majoring in chemistry at La Trobe University and a Post 
Graduate Diploma in Science at Swinburne University.  In 2001 she completed a MSc 
in atmospheric chemistry which involved the measurement and study of non-methane 
hydrocarbons in the atmosphere at Cape Grim (a clean air location in the north-west 
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of Tasmania).  Loretta worked part-time at CSIRO Atmospheric Research while 
completing her MSc and was involved in air quality studies of Hong Kong, 
Melbourne, Charles Point and Bangkok during this time.  Loretta furthered her 
interest in environmental studies by joining CSIRO Sustainable Ecosystems to work 
on various projects for the CRC for Construction Innovation. 
 
 
 
